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Mecbanis* of C«»^t^^^tic^_^^ 
inducible Pactor-1 by the von vv 
Suppressor Protein 

BACKGROUND OP THE INVENTION 

[0001] The von Hippel-Lindau (VHL) disease is caused by 
germ line nations of the VHL susceptibility gene These 
Latins lead to the devest of a variety of tumor 
inline nurcberinglinecluding clear cell carcinomas of the 
Kidney, pheochromocytomas and vascular tumors of a- 
central nervous system and retina (Maier. E * et al 
Medicine, 76:381-391, 1997, Kaelin, 1. 
Genet., 14 = 423-426, 1998). Functional inactivation of 
both VHL alleles has been documented in a majority of 
sporadic clear cell renal carcinomas (Onarra, J. R. 
sporaai ,..=.00 1994). Furthermore, 

al Mat. Genet., 7:85-90, irmi . 

, „f a wild- type but not mutant VHL cDNA 

reintroduction of a wiia type 

into VHL (-/-) renal carcinoma cells suppresses their 
ability to form tumors in nude mouse xenograft assays 
anility iu 1:822-826, 1995; 

(Iliopoulos, 0. et al.. Hat. Med., i. 

T h et al Proc. Natl. Acad. Sci.. 93:10589 
Gnarra, J. K. et ai., ^.-li. 
10594 1996). VHL-associated neoplasms are typically 
hyP ervascular and overproduce angiogenic factors such as 
vascular endothelial growth factor (VEGF) (TaKahashi A. 
et al , Cancer Res., 54:4233-4237, 1994, wisigmann-Voos, 
S and Plate. K. H. , Histol. Histopathol. , 11:1049-106!, 
1 996 ) Moreover, it has been shown that hypoxia- 
inducible mRNAs, including. VEGF A. are constitutively 
expressed under normoxic conditions in VHL-deficxent 
cells (Gnarra, J. ». et al., Proc. Natl. Acad Jjo.. 
93-10589-10594, 1996, Iliopoulos, 0. et al.. Nat. Med., 
1:822-826, 1995, Siemeister, G. et al.. Cancer Res. 
56.2299-2301, 1996). Reintroduction of VHL into VHL 
(-/-) renal carcinoma cells indicates that it functions 
as a negative regulator of VEGF mRNA levels by either 
post-transcriptional mechanisms (Gnarra, J. R. et al., 
Woo. Natl. Acad. Sci., 93:10589-10594, 1996- 
mopoulos. 0. et al., Nat. Med.. 1:822-826, 1995, 
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• , G et al Cancer Res., 56:2299-2301, 1996) 

rr:i^;u — >— - »■ - 

al ml. Cell. Biol., 17 = 5629-5639, 1997). 

,2, The VHL protein is encoded by three exon «- 
. rejpo ID NO-.2) Latif, F. et al., 

contains 213 amino acids MM » » ^ which 

science. 60:1317-1320, 1993) . The » 

encode the VHL protein are provided in SEC » »• 

« molecuie ha. an alpha-doma* — ^ ^ 

- * — °TT£ ^ an alpha hell, 

Te't a,. .cUce'. 269=1444-1446, ««. 
Tet a!., J- Biol. Che,,., 272 = 27444-27449, 1997), and 
et ai ' , » .» «i Proc. Natl. Acad. 

cullin-2 (Cul-2) (Pause, A. et al., Pro 

S ci 94 = 2156-2161, 1997; Lonergan. K. H. et al , Mol 
Zl Biol 18=732-741, 1998). forming the VHL-BC-Cul-2 
Comdex ™e crystal structure of the VHL-BC ternary 
om^' shows two interfaces, one between VHL and elongin 
cIL another between elongins B and C (Stebbins. c. E. 

irHi . • 19991 • ^.T'^T. 

forms the principal contacts with elongin C. This 
el on 9 in 0 binding domain of VHL represents one of the 
ho t spots in tumors (Onarra, J. R- »t <"•' 
national hot sp 1J42 . J0l _ 210 , 1996). suggesting 

Biochim. Biophys. Acta., 1242.201 

that VHL-BC-complex formation is critical for tumor 
tnat vnu , t-here is a mutational 

suppressor function. In addition, there is 

j^^-ir. fhe beta-domain or VHii 
hot spot on a separate domain, the be 

(Gnarra, J. R. et al., Biochim. Biophys. Acta., 
210 »96) . which overlaps with a putative macromolecular 
21U ' _ , - 1 •.rm.-'BC crystal structure 

binding site identified an the VHL * 

(Stebbins, C. E. et al., Science, 284.455 . . 
The binding partners of VHL, elongins B and C and Cu 1£ 
share homology to components of the SCP (Sfcpl-Cul-l F box 
protein) multiprotein complex that targets cell cycle 
regulatory proteins for ubiquitin-mediated proteolysis 
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7a EMBO J 17:7151-7160, 1998). More 
(Ciechanover, A. EMBu a., >. MAa 

indicting that the VH^BOCul-2 and SCF 

have similar functions. » client agreement with this 

rod el, VHL has recently been shown to be associated with 

„ E3 ubiquitin ligaee activity in ma»alian ceilu ar 

extracts (Lisztwan, J. et al., Genes . Dev., 13:1822 

. • r »f al proc. ffatl. Acad. sci. 
1833, 1999; Iwai, K. et ai., "<"•• 

95:12436-12441, 1999). 

,0004] Degradation of a protein by the ubiquitin system 
involves two critical steps: covalent attachment of 
multiple ubiquitin molecules to the target protein and 
degradation of the ubiquitin-tagged ^trate by the 2 
proteasome (reviewed by Ciechanover, A. EMBO J., 17.71S1 
7160, 1998) . Although the cascade of enzymatic pathways 
which mediate conjugation of ubi*aitin to its substrates 
has been rather well characterized (see Ciechanover, A. 
BffiO J , 17:7151-7160, 1998; and Hershko, A. and 
TchaTover, A, Ann.. Sev. Biochem., 67:42 5 -479, 199B for 
recent reviews) , one of the central questions renins how 
proteins are selected for degradation (reviewed by Laney, 
Tt and Hochstrasser. H., Cell, 97,427-430, 1999,. 
Obviously, this process must be highly specific ^ since 
short-lived proteins need to be identified and 
differentiated from more stable proteins within the 

10005] As mentioned above, hypoxia- inducible mRNAs, 
including vascular endothelial growth factor (VEGF) n*«A, 
are cons ti tut ively expressed under normoxic conditions in 
VHL-deficient cells. The transcription factor hypoxia- 
inducible factor 1 (HIF-1) is known to regulate hypoxia- 
responsive genes including those encoding VEGF, 
erythropoietin, tyrosine hydroxylase, inducible nitric 
oxide synthase and glycolytic enzymes (Semenza, G. h. , 
^nnu. Rev. Cell. Dev. Biol., 15:551-578, 1999). Thus 
HIF-1 is involved in the regulation of genes involved in 
angiogenesis, erythropoiesis, energy metabolism, iron 
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metabolism, vasomotor control, inflammation, tissue 
ma trix metabolism and cell survival decisions (Semenza, 
0 L ., Annu. Rev. Cell. Dev. Biol., 15:551-578, 1999). 
HIF-1 is a heterodimeric complex of basic-helix- loop- 
helix PAS (Per/Arnt/Sim) proteins, HIF-1 alpha and a 
protein identical to the aryl hydrocarbon nuclear 
translator (ARNT) (Wang, 0. L. et al., Proc. Natl. 
Acad. Sci., 92:5510-5514, 1995). 

10006] The HIF-1 alpha protein of the HIF-1 complex is 
among the most short-lived proteins currently known. The 
half-life of HIF-1 alpha after exposure of cells to 
hypoxia and. subsequent return to normoxia is in the range 
of a few minutes (Wang, et al., 1995), being remarkably 
short compared to other stress -activated transcription 
factors such as c-Jun (half life - 90 min; (Musti, A. N. 
etal., Science, 275:400-402, 1997)), or p53 (half-life - 
7-8 h; (Kubbutat, M. H. et al., Nature, 387:229-303, 
1997; and references therein). In the efforts to 
characterize the mechanisms of activation of HIF-1 alpha 
function, it was observed that there was a massive 
upregulation of HIF-1 alpha protein levels by hypoxia 
(Kallio, P. J. et al., Proc. Natl. Acad. Sci., 94: 5667- 
5672, 1997; Huang, L. B. et al., Proc. Natl. Acad. Sci., 
95:7987-7992, 1998). It was demonstrated that HIF-1 
alpha is multi-ubiquitinated following extraction from 
normoxic cells (Huang, L. B. et al., Proc. Natl. Acad. 
Sci., 95:7987-7992, 1998; Kallio, P. J. et al., J. Biol. 
Chem., 274:6519-6525, 1999). Although, HIF-1 alpha mRNA 
is constitutively expressed in a number of mammalian 
cells and not affected by hypoxia (Kallio, P. J. et al., 
Proc. Natl. Acad. Sci., 94:5667-5672, 1997). 
[0007] HIF-1 alpha contains 826 amino acid residues (SEQ 
ID NO: 4) and is encoded by the nucleotide sequence of SEQ 
ID N0:3. HIF-1 alpha comprises at its N terminus a basic 
helix-loop-helix (bHLH) domain, followed by two PAS 
(Per/Arnt/Sim) domains. Two transactivation domains have 
been identified, one at these in the C terminus (C-TAD) 
and the other in the middle of the polypeptide (N-TAD) 
(Jiang, B. H. et al., J. Biol. Chem., 272:19253-19260, 
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n ^ a 7 J Biol. Chem., 272, 11205- 
1997; Pugh, C. W. et al., J- * iOJ - 

Tim 1997). Although the C-TAD has previously been 
11214, 1997). targeted for regulation by 

reDorted to be specifically a 

.1., Proc. Natl. Acad. Sea., 93.12969 

was recently observed that the function of both the N TAD 
was recently rBP/p300 upon exposure of cells 

** C_TAD 1S ( ;r M et II ^BO 18:1905-1914, 1999; 

IT*. eel', -I.. -,02-415, 2000)^ 

Earlier experts have ^'"'J^^ 
of HIF-1 alpha protein levels by the proteasome pathway 

n melated by a structure of HIF-1 alpha spanning PEST 
is mediated Dy a Acadi 

sequence motifs (Huang, L. E. et al., 
S ci 95:7987-7992, 1998; Kallio, P. J. et * 
7'' 274-6519-6525, 1999). This structure has been 
Chem., 274. Obi* ^ flradatio n (ODD) domain (Huang, 

termed oxygen- dependent degradation ( > 92< 

; a e t"al " Biol. Che*., 11205-1121*. 1997,. 

Lse ^"illustrate the very co^le* functiona . 
Tchttecture of the C-teradnus of HIF-1 alpha » 
to the oxygen-dependent degradation dottam and 
£L there is a hypoxia-inducible -dear iocaU^t.on 
signal which «diatee nuclear import ofHIF-1 alph. » 
h^oxic cells (Kallio, P. J.- et a!., EMBO J.. 17.6573 

6586, 1998) . , , ^ ^n-i - 

[00091 Stabilization of HIF-1 alpha inmates a multx 

step pathway of activation of HIF alp 
hypoxia-dependent nuclear translocation of a F 1 alpha 
anl diction with Amt. to interact with cognate 
nypoxia-response elects of target probers, ollowed 
^ recruitment of transcriptional -activators (Wenger 
7 H and GasSNann. ... Biol. Ch... 378:609-616, 1997, 
Ll o P. J. et al-, ■» J. , 17:6573-6586, 1998; ». 
Tet al., SHBO ... 18=1905-191,, 1999). Recently two 
studies have indicated distinct roles of VO. » 
regulation of HIF-1 function: induction of a natural HIF 
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resulting in negative ^;: £ ; £ K HI D F , ,L t , cancer 

« ntly^ reported to interact physically with HIF-1 

(Coctanan. M. E. et al.. proteo lysis by 

was found that pVHL regulates HIP 1 alph _P 

n™, as the reco 3 nition component of an uoiq 
acting as the r a ^ 

ligase complex (Coctanan, M. E. et al., J 

M 2000) It was Shown that the beta-domain of VHL 

MS 1 interface which interacts directly 
with HIF-1 alpha and that residues 543-572 of HIF-1 alpha 
were necessary for this interaction (coctanan. M. E. 
al., J Biol Chem, May 22, 2000). 

SUMMARY OF THE INVENTION 

[0010] The invention generally 

polypeptide comprising an -^ «%£TZ 2 JZZ 
N0 :4 and fragments thereof with altered residu 
affect the stability of the polypeptide. 

0XU -cording to a first aspect, a substantially 
plif ed and isolated polypeptide of the inven n 
comprises an amino acid sequence of SE Q ID ».4 IB F 1 
. alpha) and fragments thereof with an altered m txf at 

residues 564-566. m . a( .. nH allv 

[00X2] According to a second aspect, a substantially 
purified and isolated polypeptide of the invention 
prises an amino acid seance of SSQ ID »■« (HIF-1 
aluha) with an altered P564 residue. 

[ U -cording to a third aspect, a substantially 
purified and isolated polypeptide of the inven n 
comprises an amino acid sequence of SEQ ID »•« 0BF 
alpha) with altered YI565-56S residues. 
[0014, According to a fourth aspect, a substantially 
purified and isolated polypeptide of the invention 
crises an amino acid sequence of SCO ID ».« (HIF-! 
alpha) with an altered Y565 residue. 
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[00151 According to a fifth aspect a 

purified and isolated polypept.de of the 

comprises an amino acid sequence of SEQ 

al pha> with aUered ^ . substantially 

100X61 According to a sixth P inven tion 

purified and isolated polypept.de of the 

comprises an amino acid sequence of SEQ 

al pha) with an altered IB6S »U> • . substantially 

10017! According to a seventh asoe ct . ^ 

purified and isolated polypept.de of the 

comprises an amino acid sequence of SEQ 

al pha, with altered ^ t . ^tially 

[ooa8] According to a eighth aspect ^ 
purified and isolated polypept.de of t 
comprises an amino acid sequence of SEQ 

axpna, with altered . substant ially 

[MlM According to a ninth aspect^ 

ssi r rti srrr. i - ~ -» 

* «f t-he previous nine aspects are more s.u 
T Id tte The HH-1 alpha polypeptides of the 

nfe aspects are not degraded via the VBL- 
previous nine aspects a* 

mediated degradation under n~c -^J^ acid 
mo211 The alterations of the specme 

i . off the polypeptides and fragments thereof of the 
residues of the » £or examp ie. site 

previous nine .aspects ^ 
directed mutagenesis. The result y 

then be tested for stability in the presence of VHL under 

normoxic conditions. invention 
rno221 According to a tenth aspect, rne 

L a purified and isolated nucleic acid encoding 
r "lypittr or polypeptide fragment of the invention 
.s d^ed above. The nucleic acid may be DNA, genomic 
» «£* or RNA, and may be single-stranded or double 
^reJeT The nucleic acid may be isolated from a cell 
r t"st source, or of recombin** or synthetic = orig- 
Because of the degeneracy of the genetic code, the person 



PCT/IB01/01775 

WO 02/12326 

, „ • fhP art will appreciate that many such coding 
skilled m the art will PP e ^ the 

sequences are possible where ^ ^ t 

am ino acid sequence s ^ as pro vided 

thereof having the specm« 

above ' v „f the invention provides 

rno23l An eleventh aspect of the mven * 

[0023] An invention or the 

vectors comprising the cDNA invent ion, and 

nucleic acid molecule ^^J^ nucleic acids 

host cells transformed or transferee 

mol ecules or vectors of the invent-. ^ 

eufcaryotic or proKaryotic in ^'^^^^ 

particularly suitable for expression of the polyp P 

of the invention, and include ^ ^ 

mo obtainable from the American iyp« 
cells , «*™ trans formed with a baculovirus 

Collection (ATCC SRL l/i/, 293-EBNA 
vector, and the human embryo kidney cell _lme 2 

* hv a suitable expression plasmid. Prererr 

transfected by a suita* P vectors in whiC h 

n« rvr for gene therapy, &U ^ A 

« — -basea sectors or 

vector capable of expressing a polypeptide encoded by a 
a vector p invention, comprising the 

nucleic acid accoramg nuci eic acid to one 

steps of operatives connecting the ™ clelC 
or more appropriate promoters and/or other 
sequences, as described above. 

r 00 25l The invention further provides a method o 
[0025] x^e invention, 

a TDolypeptide according to 
ttakang a polYE P eXpreS sing a nucleic acid or 

comprising the steps eXp isolating the 

vector of the invention m a host cell, « 
X^ id e fx- the host =eU or fxo* the host ceU s 

growth medium. 
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-^n nrovides a screening system for 
[002S] The invent "° Vld ; £ 9 £e a ct tbe degradation/ 
identifying '7^^ ^ screening system 

comprises preparing m amn0 

preparation o £ a po ypeptide h£ ng f 
acid of SEQ ID KO,5 (minimum M» ^« * or 
thereof (SEQ ID *0:6 (residue 547 575 9 
described mutants thereof with a test ag 

v... anv suitable means, an inniDitiu! 
monitoring by any - ^ o£ 

transaction of »■'> identifies an HIP-1 

Tphr^nTrLs s^ening'syst^ can also * used 
fo^r^nts which activate the transaotivation of 

T„:;" 1Pha Based o„ subtantial overexpression in ma^alian 
Til of a polypeptide having at least an amino acid of 
cells of a WPP fragment thereof 

SEQ IDN0 = 5 (minimum N TflD) or described 
(SEQ I D HO=6 (residues 547-575; **. « 

*.„«-« t-hereof and the VHL protein (SEQ m 
" Z Z functions under normoxic conditio^ to 
ZZ* alteration of the transaotivation potential 

» , j • quo ID NOs:5 or 6, or tnexx 

the domain described in SEQ id 

protein stability (degradation) by agents 

U, use of this screen system provides ^ > ans. 
determine agents/compounds that may ^ 
transactivation/degradation of HIF P 
screening method may be adapted to large-scale automated 
procedures such as a (Baxter-Dade Diagnostics 

syste^ allowing for efficient high-volume screening of 
potential therapeutic agents^ ^ ^ 

t00 " ! ce 0^1:: T" 5 7Ttagment is prepared as 
l^ZrZl preferably using recombinant . » 
Technology. A test agent, e.g. . - - = » 

introduced into a reaction vessel containing 
H-TAD or residue 547-575 sequence. Binding of the test 
to the minimum protein fragment is ^ * 
airsultable means which includes, but is not limited to, 
TJ^rZ gene system. Examples of such reporter gene 



PCT/IB01/01775 

WO 02/12326 

• n but are not limited to, luciferase and 

invention may be usea * ion Such 

j n it-« activity or function, 
affect or modulate its actxvxuj , M 

hp useful in a therapeutic (possibly 
molecules may be userui 

including prophylactic) context. resea rch 
roo31] It is »ell known that pharmaceutical research 
[0031] It a new drug may involve 

leadina to the ldentiricatiou <~>± j.j a 4.- 
leading numbers of candidate 

the screening of very larg compo und 

before and even after a ieaa w y 

rr^ - - - — 

consuming. Means « „*--nitv 

j „„« -in the fiqht against cancer since 

...•«.„ of a polypeptide may include 
modulates activity of a poiyp v 

m^r-p test substances with tne 

activity with the activity uj. fc 

substance or aubstanceB. A difference 

^een the treated and untreated polypeptide ,s 

cecween - the re ievant test 

indicative of a modulating effect of tue re 

nnbstance or substances . 

^ Combinatorial library technology provides an 

f icient way of testing a potentially vast number of 
d f erent substances for ability to modulate activity of 
a polypeptide. Such libraries and their use are known m 
the art. The use of peptide libraries is preferred, 
tne a^. beinct screened for 

Prior to or as well as being 
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f =ctivitv test substances may be screened 
modulation of activity, tes ,,^-tide e.g. in a 

£or ability to interact with the P*"*"^ ^ ^ 

two-hybrid system (which requires 
^iypeptide and the test substance « , 

coarse screen prior to testing polw « pt «.. 
ability to modulate activity ^ 
Alternatively, the screen could be used 

polypeptide (e.g. p564 

or to find mimetics of a PYI motiz , hpreof 

polypeptide (e.g. residues 547-575) or a portion thereof, 

e.g. for testing as Qf & gubgtance whic h 

[0035] Following identification of a s 

;: o c a u - — rrr— 

575) or p . nvestigat ed further. Furthermore, it 

substance may be investigate . > e 

be manufactured and/or used in preparation i... 
mY ,„™,lation of a composition such as a 

manufacture or formulation, or * aese 

medicament, pharmaceutical composition or drug. 

Sptide —on m*y be ^ ^ ten 

m \ r P tr in^vo T-lticai uses, 
preferred for many in vi P subBtance 
Accordingly, a mimetic or mimic of th 
(particularly if * peptide) may be designed 

S 0 "^ 1 ^signing of mimetics to a ^ 
nTrleutically active compound is ^ 

the development of pharmaceuticals based on a lead 
^und. %his might be desirable where ^ act^ 

— irru^ — - 

linietratio, e.g. peptides are unstable .tive 

agents for oral compositions as they tend to gu 

degraded by proteases in the al~ ^ Mimetic 
design, synthesis and testing is generally use 
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. na large number of molecules for a target 
randomly screening large a 

property. CO mmonly taken in the 

[0038] There are several steps t 

. fmm a compound having a y^v 

design of a mimetic from a mp comp ound 

that are critical and/or P ^ ^ of a 

target property are ^-^^ varying the 
peptide, this can be done by y 3ubstit uting 

— nrrtU" 'vrr^-o/ peptide « 

each residue m turn. mot .if S These parts 

comply used to refine such peptid ^ ^ 
or residues constitute the active 
compound are Known as its "*>«^ ^ found , its 
l0039) 0nce - P— °^ ng its Physics 
3 „ » -^-J^ bonding _ 6iM and/or 

properties, e.g. SOU rces, e.g. 

charge, using «• diction data and ML. 

spectroscopic techniques I :r*Y ^ 

^J%TZ-£*~- rather than 
the charge and/or volume o£ P lques can he 

the bonding between atoms) and otne 

— ^ th ; B rvarlLnr^his approach, the three- 

100401 • T structuT of the ligand and its binding 
dimens^nal structure ^ ^^1, useful 

tnT 7^ and/or binding P«t- ~ 

- * a « - - = 

polypeptide (e.. re^u es^ ^ ^ ^ 

interacting domain. ae i e cted onto which 

[0041, * template molecule x. thenj e^e=t ^ 

chemical groups which minac «»J h ^U -1 groups 

The template molecule and tne w = 
grafted. The temp se lected so that the 

e*-^A i-o it can conveniently ne seieu^ 
grafted on to it uau nv-elv to be 

■ v -i* easv to synthesize, is l^eiy to 
mimetic is easy t y degrade in 

pharmacologically acceptable, and does n 

12 
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• ■ „ t-he biological activity of the lead 
vivo, while retaining the b.olog ^ 

confound. ^^'^11 achieved by cycling the 
based, further stability «n Qr 
peptide, increasing its rigidity d ^ 

— r ri: - r^r^. - - ** 

see whether they ^ have optimis ation or 

extent they exhibit it. one Qr 

more final mimetics for in vivo the - present 

— t . is prov^ a mX of screed for a 

invention, there is pro „. r ^ v of a PYI motif or 

stance which mimics J*e M7-S7S, or 

P564 spanning *°^*J^ zisim the steps of 
portion thereof, the m« ^ ^ ^ ^ 
contacting the tes portion thereof, 

specific binding J'.^JL. hind to the 

and determining whether the test 

specific binding partner. inV ention 
[00 433 Where the polypeptide of the pre 

«-« be used for therapeutic purposes, the aos v 
is to be usea xo det > e nd upon the nature of 

rout e of administration will depend ^ p ^ ^ 

the discretion o ^ ^ ^ 

veterinarian. w intraperitoneal or 

subcutaneous, intramuscular, int P 
intravenous injection, parenteral, topical PP 

implants etc. orese nt invention may be 

t004tl The polypeptide of the prese^ eutioal 

employed in combination with > ^ P ise ch9 

-The resulting compositions ^ f 
° arr ■„ If the present invention or a 
polypeptide of tne P thereof, and a 

pharmaceutical* acceptable non- toxic ^salt ^ 
pharmaceutical* acceptable solid or ^ 
adjuvant. Examples of such ^™ Baline , 
include, but are not limited to, saline ^ 
Einger's solution, mineral oil, «^ cellulo se, 
gelatin, lactose, sucrose, "^f^ Aloxlie , 
kaolin, mannitol, dicalcium phosphate, s 
alginic acid, dextrose, water, gly«r 
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k ■ n 7e rs suspending agents and 

«rs. ^ition, »V be in th. 

combinations thereoi. tablets, capsules, 

£orm of solutions, ^ olnt ments « 

^i-ivirs syrups, waters, 

creams, salves. eU«rs y P £ormulat ion should suit 

oth er ~-^° nal st f r °™ n Com positions comprising the 
the mode of administration^ P £rom 

polypeptide of the present invent ^ ^ 

about 0.1* to 90% by weight of the 
^t generally from about 10% to 30^ ^ 

100451 R C er 0 f a8 ^^ Si3naUn9 
provides a method of reg ^ ^ ^ . m 

pathways by administering a ^ of 

^U, a functional fragment of a FT ^ 

a « motif, an analog of a m ^ . 
protein, or an analog of a P564 

cell, group of cells, or ^""V ^ lnV ention 

100461 Another aspect comprising 
provides a method of treating^ ^ ^ ^ 

administration of . f an o£ the 

alpha with a mutation in the P ^ ^ ^ 
pyi motif, or an antagonist of the PY 

gr oup of cells, or «*»^~ che prssent invention 

100471 Y " ™t"n or stabilisation of conditions in 
demonstrates promotion or s {rom 

- in vitr :nrr;tf .^-r — 

the group consisting o con stitutively active 

mutant, a functional fragment :J, a » ^ ^ 

HIF-1 alpha mutant, an agonist of the P 

■ ... „f the P564 spanning protein to tne c 
agonist of the P« P iOT ention shows 

I00t8 l Another aspect of the P ^ 
regulation of a molecule such H» J ^ 
HIF-3 alpha in a cell, a group or 
comprising administering to the =eU. * P ^ 
organism a substance such as the PYI ^ 
£r agment of the ^ motif, ~ analog - ^ ^ a ^ 

iST- — - * -i— protein 

to said cell, group of cells, or organism 
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[0049] Mot her aspect o £ present SZZJZ 
regulation of a : xe= ul e u* cells, J an organism. 
BI F-3 alpha «a 1 , • * P ^ ^ m Mtlf 

comprising administering nrotein to the 

■ or an antagonist to the P564 spanning protein 
cell group of cells, or organism. 

„ H lother aspect o£ the present invention teache 
method of effecting degradation of a molecule such a 
HIF-1 alpha, EPAS, and HIF-3alpha in a cell, a group of 
cells or an organism, comprising administering a 
cells, or £unot ional fragment of 

sub stancesuchasthem™=t, ^ ^ [S() 

^ ^ tote'in actional fragment of a PS64 
S .ST- an analog of a ^ spanning protein 

^ t-hP cell group of cells, or organism. 

to the ceil, group ™ ae nt invention is 

[00511 Yet another aspect of the present in 
riLd of increasing or plating « = ^. 
increasing or regulating erythropoiesis , By 
a HIF-1 alpha mutant having an alteration ° £ at eaSt ™ 
residue selected from the group consisting of 

cells, or an organism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

,00521 Figure 1 shows the results of 
ir^nohlotting using increasing amounts of HIF 1 
aipha protein at normoxia (21* 0.) or hypoxia (1.0% 

°00531 Figure 2 shows the results of 
i-unoblotting of the HIF-1 alpha protein in 
presence of the VHL tumor suppressor protein. 

i-unoblotting of the HIF-1 alpha 

presence of the VHL tumor suppressor protein and 

proteasome inhibitor MG-132. 

Figure 4 shows the results of 
immunoblotting of the dioxin receptor in 
presence of the VHL protein. 
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[0056] Figure - deletion 
* of GAL4 fused wild- type ana 

^ or control preimmune serum (lower paneu 
panel) or control P wi i d -tvpe VHL or VHL 

HIF-1 alpha in the presence of wild type 

deletion mutants q£ 

[0 058] Figure 7 sho es {upper 

coimmunoprecipitation with GAL4 ant 

n or control preimmune serum (lower panel; 
panel) or control P 

HIF-1 alpha in the presence of wild-type w 

single amino acid point mutants^ 

rnossi Figure 8 shows the results 

[0059] *igur protein levels 

immunoblot analysis of HIF-1 alpha P 

„ v _ w-ild-tvoe or mutant torms oj. 
following exposure to wild type 

VHL ' M 9A-B provide a schematic 

[0060] Figures 9A B P d H IF-1 

representation of a series of FLAG tagg 

tl delB XTTo' shows the results of 

-h GAL, antibodies (upper 
panel) or control preiomune serum (lower panel) of 
Z l the presence of wild-type HIF-1 alpha or HIF- 

l alpha deletion mutants. 

„. o ii shows an alignment of the 

ir^u 0 ™ - — « 

[0063] "9* antibodies of VHL in 

coimmunoprecipitation with FLAG antir, 

- of wild-tvue (wt) or mutant (mt) N-tad. 
the presence of wild type l / immun oblot 
[00641 Figure 13 shows the results o 
analysis of wild-type (wt) or mutant (mt) H TAD 
protein levels following -^^^ iranunoblot 
rnnfiSl Figure 14 shows the resun-s 
Si- - - —nation « -M^J « « 



5 provides a schematic 
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single lysine mutants of N-TAD in the presence of 

VH " , 6 shows the subcellular 

[0067] Figure 16 sn °" B h ,~*ic 
localization of VHL under normoxrc and hypoxic 

conditions. subcellular 

[006M Fl9Ur : Jhzf-1 alpha chimeric proteins 
distribution of GFP-HIF-1 aj.pii* 

under normoxic and hypoxic conditions. 
,00691 Figure 18 shows the results of ,-unoblot 
Tl'lis of the stability of wild-type HIF-l 
Z-l alpha X71ST, or HIF-l alpha 4X70-3,0 mutants 

I ^ presence of VHL under normoxic or 
in the absence or presence 

hypoxic conditions. , , , . 

£,» Figure 19 shows the results of r-unoblot 
a^lvsis of VHL following immunoprecipitatron 
X HIF-l alpha under normoxic and hypoxrc 

Znl'^Figure 2 0 shows the results of immunoblot 
analysis of Amt following i-unoprecipitation of 
wna-type HIF-l alpha under normoxic and hypoxic 
conditions in the presence or absence of VHL. 
I00721 Figure ,1 shows the results of — ot 
analysis of wild-type (wt) and WI mutant (mt) N TAD 
under normoxic and hypoxic conditions. 
,00731 Figure 22 shows the * 
transcriptional activity of wild-type (wt) and m 
• ^ant (mt) •■» under normoxxc and hypoxxc 

c t ::::r on s W3 ure » - — - — 

a^lysis of wild-type (wt) and KX nutant (mt) « 
under normoxic and hypoxic conditions in the absence 

or presence of VHL. 

t0 075] Figure 24 shows the results o 
transcriptional activity of wild-type (wt) and PYI 
mutant (mt) N-TAD. 

100761 Figure 25 represents a BchematxcaUy 
illustrated model of conditional regulation of HIF-l 
alpha function under normoxia and hypoxia. 
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r,. o 06 shows the conserved amino acid 
[0077] Figure 26 shows t 
sequence shared by five members of the HIF 
appoint mutations introduced in the NTAD 

ThLine llled « and ™^ " " of 
rnn79l Figure 28 shows luciferase ac j 
^T-Ld Jtants in 2,3 <-U. under normoxic and 

^ "CTai shows the NTAD ~ -» 

hvTie (wt ) and P564 (P-A) mutants. 

type (wt) an re lative luciferase 

toosil Figure 30 ^s 
activity of minimal wild type wu, 

— - «- :r °i: 0 :: ndi n^ a 

[00821 Figure 31 snows jragment ' 

protection a 9 ainst degradation of . ^ * 
. in p564 mutants (P-A) compared to wild typ 

cells. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

V*. 5m. tumor ~ TP r..Ror protein 

.„ htf , alpha is normally not detectable by 
1 M t lUe ^ cellular extract, under normoxic 

"the pronounced lability o £ £ 
alp ha protein under no^xic — J-^ rf 

• rr 8 L rr j^- — — 

\7>M A To establish experimental conditions to 

the effect of VHL on HIF-1 alpha protein 

examine the etrect 

stability under normoxic. conditions J 0 7 « Us 
transiently tranefected with 0.2. 0.5 or 1.0 H 9 
transient y expression plasmids in 6 

MB epitope- a 9 d H P J alpha alpha (1 . 

cm diameter plastic dishes, a p described in 

826) expression plasmid was constructed as desc bed 
K.llio P J. et al., Proc. Natl. Acad. Sex.. 94. 5667 
£ a 'l9«. C0S7 cells (obtained from ATCC, were 
routine" * »»•«<•-• ^ M9ential 
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^ suppler, with 10% fetal calf se™ p£ 

plasmds were mixed with two ^ 
(Boehringer Mannhein) and added to the cu 
tfter 12 hours of inaction. ceUs were treated for 
tours under normoxic (2!% 0.) or hypoxic (1.0% Qi) 
hours under detMtim of HIF-1 alpha fusion 

conditions. For the a pre pared 

rntiairr^r.^uo, .. , - «~ 
r 85J nr::;i;:::rr ^ * - «~ «« 

V • BCl OH 7 » 10 * EDTA, 150 * HaCl) . and the 
" "I " ^suspended in 20 microliters - ^ 
WfJ (150 n* Nad, 1% -NO. 0.5% deoxychclate. 0.1% 
SD 0 05 M Tris-HCl P H 8.0). followed by centrifugation 
Z' 30 lutes at 14.000 rpm. Protein concentrations of 
Z LZct* were treasured using the Bio-Rad protein 
Is ay^eitt. Fifty .nicrogra™ of total cell proteins 
were blotted onto nitrocellulose filters following SDS- 
po yacrylamide gel electrophoresis and 
wit! 5% non-fat milk in Trie-buffered saline (TBSK 
Anti-FLAG M2 (Kodak) antibodies, used as a primary 
anti ri« containing 0.1% 

antibody, were diluted ^ milk and incubated with 
twmmi-20 (TBS-T) and 1% non-fat nalk ana 
^Ts^le for 1 hour. After several washes, ant™ 
^horsladish peroxidase connate «—» ^ 
cience), used as a secondary "f^k a no 

1.1000 in TBS-T buffer containing 1% non-fat milk and 

i hour at room temperature, 
incubated with the sample for 1 hour at 

After extensive washing with 

i«p. were visualized using enhanced 

immunocomplexes were vi* . according 

chemiluminescence (Amersham Pharmacy Bxotech) according 



to the manufacturer's instructions. 
WW Figure 1 shows the results using .ncreas^g 
Lunts of HIF-1 alpha protein (0.2 ng (lanes ^ and 2 
0. 5 „ (lanes 3 and 4), 1.0 M d-es 5 and « * 
normoxia (21% 0 S . lanes 1. 3 and 5) or hypoxia _<1.0% *. 
!anes 2, 4 and 6) . The mobility of 'f^J"** 
markers are shown on the right hand side of the blot. 
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,0087] At the lowest concentration o£ expression 
! MFl alpha was not detected at normoxic 
SI' . but was detected under hypoxic conditions 
lis 1 and 2, . However. at higher 
(Pig. 1. lanes alpha prote in 

concentrations of expression ve . iKMS 
,, ^ ^.tented under nontoxic conditions 
r S °M ) " tie ^est concentrations of 
Session ~-r tested, significant HIP-X alpha 

egression levels were observed both under normoxic and 
expression ThuSf thege 

hypoxic conditions (Fig. 1, lanes ana , 

.j. t-hat the mechanism of degradation o£ 
experiments indicate that .** * ^ ^ 

HIF-1 alpha at normoxia had become sa 

. ^ i-w one or several - components of the 

conditions and that one or 

degradation machinery were limiting. 

10088] B. To determine the effect of degradation of 
the HIF-1 alpha protein in the presence of the VHL tumor 
the HIF 1 alp P CMV2/HIF-1 alpha was 

suppressor protein l^g P ^ ^ 

co-transfected with either pa .„„...,„ mq7 

wild-type VHL expression vector (pCMX/VHL) into COS7 
«Us The PCMX/VHL placid was constructed by inserting 

Klenow polymerase) fragment or I 

P Y Conaway, Howard 

(generously provided by Dr. J ^.^ted 
Hughes Medical Institute, USA) into an 
pcL vector. The plasmid mixtures were mixed with two 

volumes or FuCeneS ^ *S 

culture medium in a 6-cm dish. Atter 
neuron, cells were treated £ cr U hours 

■„ on* o.) conditions. whole cell 
(1% 0,) or normoxic (211 "2l couu* 

„i ,« above and analyzed by 
extracts were prepared as above a 

i^mmoblotting as carried out above using anti-^G * 
(Kodak) or anti-VHL (Pharmingen) antibodies as the 

primary antibody. . co . tr ans£e=tion of the 

[0089] AS seen m Figure 2, co trans 
cells with FLAG/HIF-1 alpha and VHL expression ^ plasmds 
resulted in significant reduction of the HIF-1 alpha 
protein signal under normoxic conditions (upper panel, 
compare lanes ! and 3, . indicating that VHL may have been 
lifting under the conditions of overexpression of HIF-1 
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interestingly, transiently expressed VHL 
alpha alone. Interesting y, in 
failed to induce reduction of * ™ I P ^ 
leve ls under ^Tof * ~P— 

In ^ t 7J^:^r^ nor.oxic or hypoxic 
were detected in extracts ^ ability 

cells dower panel, centre lanes 3 and 4) 
of molecular weight markers are shown on 
side of the blot. plates proteasomal 

100901 . " f hif 1 ^he abwe experiment was repeated 
■ degradation of HIF-1, the lncuba ted In the 

except the -""-^^ J^-— 

absence or presence of 5 uM P extracts 

for 6 hours before harvests Cellul 

we re prepared and analysed. - reductlon oJ 

100911 , r nTl^T-i- normoxic conditions was 
HIF-1 alpha protein lev ^ proteasome 

inhibited by treatment of thee 

inhibitor *^^/Xse results indicate that 

with the above experiments, these re 

VHL mediates proteased degradation of HIP 1 alpha 

[0092] D. TO determine if ^Jc^To Tee^U 
alpha , an experiment - — „ m 
overextension * ™ „ ls . basi c helix- 

protein levels. j-"<= wionaina to the 

Lp-helix/P** (Per/Amt/Sim « 

«f transcriptional regulators as nxr 
r^oTa^raggJoioxin receptor expression vector 

Z "^"Ures-n vector 
empty vector o ^ » yP ^-tagged dioxin 

Z rUrt^n Plasmid, - ^ 

It". I«uire (KarolinsKa Institutet, Sweden. Co 
transfection, incubation and analysis was earned out 

-seen in Figure 4, transiently 
Td It affect the protein leve l ; c. : the 

«^<-r,r This indicates the effect 01 vnu 
dioxin receptor. J-«* B 

specific for HIF-1 alpha. 
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f vtiT are requiredJor_j^ducina 
proteins or the minimal GAU* u 

Lne prior to ^precipitation assa^ e 
orovides a schematic representation of the GAL 

Z TL (1-213) and deletion or single amino acid point 
wild-type (1 213^ t ^ ^^^^ ^ ^ forms 

mutant (pot) forms o£ asse mbled by 

* -tttt ^rl P1AL4 DBD fusion VHLS weie 

oI vhl and «" blunting o£ both sites 

inserting an Hhel-EcoKl liox a wild-type or 

with Klenow poly—e, frag^nt of PCI/™" yp 

mutant/FUVG (generously proved by Dr Joan 

Howard Hughes Medical Instxtute, 

digested pCMX-GRM. .„ v<m assays, GAL4 

[00S51 xn in vitro i-unop^uatxon as^ay , ^ 

"""I STL 0 "^^, in rabbit 

rrr^te — . r 1 ,:: 

translation products were separated by SDS pa 
translation v calculation of the 

analysed by phosphorxmager (Fu:x) for inoorporated 

"t „ as inoubated with equal concentratxons of 
llled or VHL mutants at room te^rature for 

unlabeled GSM vtu, „„.,,, for 6 h and 



, hour cells were treated with 5 uM MG-132 for 6 h and 
^harvested in TEN buffer. Protein concentrate of 
T elects w ere measured using the Bio-Rad protexn 
the v microliters of anti-GAL4 

^aJ 6 "ch, or pre.i-.ne rabbit -r- was added to 

n! protein mixtures and incubated for another 1 hour at 

^mnerature. Thirty (30) microliters of a 50% 
room temperature. i Tris _ 

, „ f nro tein G-Sepharose xn TEG i" 11 " 

H r;pH,.r i - »» 1 - ^ 
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j a -i & Triton X-100, was then 
contains »• - «^ ^n^ated for U hours 
added to the reaction mixture > « ^ centri£ugation , the 
at 4 . c under rotate three clms «ith 

suiting Sepharose pel ets were^ lcated 
supplemented TBG buffer_ «- 
proteins were analyzed by 8D PA 

. u, Foual concentrations or id 
autoradiography. Equal c 

i "s-labeled full length HIP-1 aipna 

translated . ^ translate d wild-type GAL4/VHL 

incubated with in viot 

^- * lane 2) or VHL deletion mutants (Fig. 6, lane 
(Fig. 6, lane 2) domain alone 

5) or GAL4-DBD spanning the GAM D 35g _ 
{Fig . e, lane 6) . For loading «^^ 0% * ^ x) , 
la beled HIF-1 alpha was ad^d (F^ ^ 

— ^^"re r^tTliL prei^une 
the upper panel of Figure 

serum is found in the^owe, ^ ^ alpha was 

100961 M -"St d P esence of GAM/VHL by GAL4- 

coimmunoprecipitated in the p obse rved 

r:r ^ ^ _ . - - - 

specific pre-i-une rabbit antiserum , did not ^c p 
HIF-1 alpha protein in the presence of either » 
alone Fig. \ lower panel, . indicating that wild-type 
alone ma- mp-i aloha in vitro. 

VHL specifically interacted with HIP 1 al P" 
[00*7] With respect to the deletion mutants, th ^VHL 
MX4-154 deletion mutant showed interaction with HIP 1 

►>,. vhl 114-154 fragment failed to do so 
aipha, whereas the VHL UU5 9™ ^ ^ ^ 

(«S. 6. compare lanes 3 and ^> ^ ^ 

deietion mutant was able to intera 

(Flg . t , compare lanes 4 and 5) • ^ ^ 

located between residues 91 and 113 or m, w 

for interaction with HIF-1 alpha, 
rte^tingly this region of VHL is contained not only 

the crystal "ruoture of the VHL-BC complex (stebbins c. 
7 Til- ^ence. 264=455-4,1, «») . but also 
represents one of the national hot spots in tumors 
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T R et al., Biochi*. Biophys. Acta., 1242: 
(Gnarra, J. ec a ' 

201-210, 1996) . d stations of 
t00S81 to determine teract „ itn HXF-1 aipha 

^ ^ affect it, ■ ablll V ^ ^ experinCT ts 

-/« to ^ ^ prot eins containing 

were performed using |GAM ^ ^ ^ 

either a Y98H (the most frequ^ 5 
region) or a C1S2F single — J" d amino acld 

for schematic -presentauoy * the s 9 ? ^ 

point mutant <pmt ^ to bind the 

been demonstrated to render ^ 
elongin B-C complex (Lonergan, K. M. et . 

, ,o -775 741 1998; Lisztwan, J. et al., 
Si0l -\ I « : »H. and inhibit ubiguitin ligase 

De v., 13:1822 Genes fi Dev , , 

actlvicy in vitro (*« h ^\ oimimopr ecipitation 
13:1822-1633, 1999). m the ^.^slated 

^^l*!.^^ «• <ng. 7, lane 
vitro-translated GAM rus 7> 

3) or mutant VHL Y98N (F*. 7, lane « , 

*\ „ T (-U.4-DBD alone Pig- 7, lane ' , 
lane 5) or GAM DBD panel 

0{ the coimmunoprecipltation are shorn 

, . ■ , h . ron trol preimmune serum is 
of Figure 7 while the control p experiments 
the lower panel. These coi-unoprecipitation xp 
were carried out and analyzed as in Figure « ^ 

100991 *" S6en t ln ^ " - C162F shoved 
unable to interact with HIF 1 w ^ 
wild-type levels of interaction with HIP P ived 
!anes 3-S, . These results indicate^ that a ^ 
point mutation in the beta domam impairs 
between HIF-1 alpha and VHl. 
[NU .) Next a cellular degradation assay » 
out . ^ CM^F-l alpha was tr^ently coe*p 

in cos, cells ^^TZZTZL* m Pisure 

wild-type or mutant forms or 

.. The cells were incubated at norm^«° 

CS U extracts were prepared and a y 

plotting. The blots were deve op^ with 

(upper panel) or anti-VHL (lower panel) antibod 
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, n Fiaure 8, immunoblot analysis 

100101] As seen in Figure < ^ the 

demonstrated that, in contrast tc wi ld ^ induce 

j Ann C162F mutants raiieu 

VHL ?98N and VHL Lib-** compare 

action of HIF-1 ^ t ;\— s ^nstrate that 

la nes 2-«> . — and the elongin C 
both the HIF-1 alpha -teract^ ^ ^ 

binding domain o* of „.! alpha 

degradation of HIF 1, a function of VHL. 

By be involved in the tumor suppressor 




— - id n ify :-:Cti:ii 2££ - 

targeted by m ^^ ^/BXP-l alpha or a series 
normoxia, either wild » were 

of FL&G-tagged . P Us ^r normoxic 

transiently pressed m J° Figure 9A 

conditions in the presence or absence ^ 

provides a schematic «*~-*^ Iie 1 In Figure ML. 

j htw-i alpha deletion mutants. » 
p^-tagged HIF 1 alp helix . X ocp-helix domain; 

bHL H is an acronym for ^ ^ odd is an 

PAS is an acronym for H-TftD is 

— £ °%r:— Ition and C- 
an acronym for H term tr a„sactivation domain. 
TAD is an acronym for C termin ^ 

— «— "^tr sTi- r (J "4. B. H. et al.„ 
reside between - . ~* £ ^ ^ ^ 

J c . Te t 2'. " Biol. Che.., 372:11205-1121*, 
respectively. deletion mutant HIF-1 

alpha (1-652 was mad y polv merase) of 

(a "^i(? «»r^ 

pGFP/HIF-1 (1-652) into a constructed by 

(Kotok) . pFIAG -CKV2/HIF-l 1-3301 

inserting an Eco« fragment of f P ^ < ^ 2/HIP . 1(526 . 
into a 2C oSI-digeeted ^ ^ m (tbe 

826) was assembled by inserting a Sail 
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fragment of P-^/^r h -now 
(BafflH I was Bite was filled " were prepared 

jested pFL^-am. Whole cell ^» » J^, 
^ us ed for i-unoblot analysis as descnb 

1B ' i„ Pioure 9B, the GAL4/MF-1 alpha 1- 

,001041 » seen - Figure ^ ^ 

6 52 and HIF-X a^ >™™ ^ deletion ^ 

degradation in J Lraded upon overespression of 

H1F-1 alpha 1-330 was not degraaeo up 

L in COS, cells under no^ic condition^ ^ 
t0 l001 TO »*P the domain of HIF-1 alph * ^ 
interact with VHL, full length HIF-1 alph 

alpha deletion = ^J^^ 
bin ding do^in were , ncubatlon with -.- 

assays were ^^J^ '„ translated in the 

label6d T '^Jt^inl - rabbit reticulocyte lysate 
presence of S *eth ^hionine-labeied translation 
(Fromega). ™ sds-PAGE and analyzed by 

products were separ * on of the protein 

phosphonnager <Fu^> fo d Ms . met hionine. 

concentrate ~J* *~"™ rla ? au * MaA ^-labeled 

^on proteins ^ 
deletion mutants (Pig. 10, 2 ' f ± ut 

,n 81 For loading controls, 10% oi mp 

^J^ZTu shown (Fig. ». - - Z 

T V— oTrlilnil^ation 
.utoradrography^The resu ^ ^ ^ 

as3 ays P^^ J 1 " 1 ^. tte aBSay s performed with 
the upper panel of Figure ^ ^ 

the control non-specific rabbit ami 

the lower panel of Figure 10. ^ i _ 330 

[0101] As seen in Figure 10 / 3 s s . labeled 

failed to physically interact U vitro 

-i lan o 2). Moreover, GAL4/nxr x ax F 
VHL (upper pane!, tr ansactivation do«in of 
778-826 spanning the c teimi (utmer 
HIF-1 alpha did not show any interaction with VHL (upper 
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■n In contrast, the GAL4/HIF-1 alpha 1-652, 
panel, lane 7). m cuuu „ , co/r , Al an A 

n i u a ^1-641, GAL4/HIF-1 alpha 526-641 ana 

length HIF-1, all these latter fragments of HIF-1 alpha 
infracted with VHL with very similar efficac.es In 
con r 1 precipitation reactions, non-specific pre-i^e 
7llt antiserum did not precipitate VHL protein in the 
P rLnce of any of the use, GAL4 /HIF-1 alpha fragments or 
alone (lower panel) . a 

[01023 Taken together, these results 

region of HIF-1 alpha spanning rescues 526-641 was 

essential for physical interaction with VHL. 
„ ere tingly. this region contains the 

dependent deflation domain of HIF-1 alpha which has 

dependent g ted to mediate proteasomal 

previously been demonstratea t 

degradation of HIF-1 alpha in normoxic cells and which 
Z broadly been defined to be located between am.no acid 
residues 401 and 603 of hHIF-1 alpha (Huang, L. E. et 
T "oc. Natl. Acad. Sci., 95:7,8,-79,2, 199S ; Kallio. 
f.'j. et al., J- Biol. Chero., 274:6519-6S25. 1999). 



„r hif-1 alr >" a . ta '? e S 

proteasoma? *~r>ri,f.i.ea by vm, 

[0103! The VHL-interacting fragment, GAL4 /HIF-1 alpha 
L-641, contains not only the core of the oxygen- 

, • utu i alDha but also the 
dependent degradation domain of HIF-1 alpha 

H-terminal transaction domain, l-« <«• »«••«• 

Within the N-TAD of HIF-1 alpha, a seance motif of 
about 19 amino acid residues (located between amino acids 
5S6 . 574 of human HIF-1 alpha) shows the strongest 
conservation between species and is also conserved in the 
related hypoxia-inducible factor EPAS-1/BLF. The related 
hypoxia-inducible factor EPAS-1/HLF is expressed in a 
more tissue-restricted fashion (Ema, H. et al., Proc 
»tl. Acad. Sd., 94 = 4273-4278, 1997; Tian, H. et al., 
Senes t Dev., U-.72-82, 1997) . This motif is also highly 
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^^r-i-pd to be important tor tne ^ 
recently been reported to v 

o£ the -in impair 

pro tein in normoxic condition, 1W) . 
Bi ochem. Biophys. ^ a MB Mti£ 

Figur e » shows - * * e l Be (n) alpha 
of N-TAD sequences o£ human mi <u, 

andEPAS-l- a -if vhl could directly interact 
t01041 To determine if W, «o 

with the conserved core motif cfj» ™ ^ 

— 4°u^Tr 0t - - 

wil d-type or mutant N-TAD o£ 

oTTvr/PTP-i/NTAD ammo acids 53^ ao= 
101051 ^Itr^ctThy inserting an BcoKl-BamHl 
al pha» was '"^JscoKI-BamHI digested pFIAG- 
f.agment -de^y PCR^ ^ ^ central pYI 

CMV2 . Next a mutant n „ lV ,» f i t uted with three 

. i .. „in, the N-TM) domain was substitutea wj. 
triplet with the N tad subs titutions within 

aspartic acid residues. Amino acid ^ 
FIAG/HIF-1/NTAD were generated using Q ^ 
dir e=ted mutagenesis kit <StratageneK ■ Thep 

- amino ^■^^"^^1 
in vitro translated s - labeled P tra nslated FIAG- 
with e*ual concentrations ofj» vitro ^ U| 

tagged wild-type (Fig. 12, lane 3) o 

lanes «) N-TAD or «« using anti- 

co—ecipitation assays ^ ^"^e^pitates were 
FLAG antibodies, and the resulting P 
analyzed by SDS-PAGF. and autoradiography. For a 
Carols, l» of input "S-labeled VHL was used (Fig. U. 

lane ^ ' . n o pt aG antibodies could 

[01061 As shown in Figure ' Ixesence of the FLAG 
precipitate "s-labeled m ■ ^ alpha 

epitope-tagged minimal wlld-ty^ 
(lane 3) . T» iB demonstrates that this r a 
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Substitution of o ^ 7 nteraction beCween VHL and the »- 
acid tetany _ ^ experts indicate 

TAD (compare lanes 3 ana *> iB 
th at the highly conserved core motif 

optical for interact ion rf ^ portion o£ 

IMOT , Because of the cen^ ^ =hanges 

positions 564-566 will stabilization 

* r I "-iated action and renders 

rractivaTon action of the protein hypoxia- 
independent. arialvqls Q f residues 

[01081 • A — " — — 

within the fes yl 564- 5 65 to «, and DDD569-S7! 

andtheN-TAD (Fig. 27). abrogate 

[0 " 91 • - t~plll 5 : 5 th 0 resulting 

inteIaCt r If n gainst 1-dirted degradation. V565 
in stahilization against ^ ^ ^ ^ 

replaced with F, nowevei, the degradation 

r a; :r: t:Lrr:;:r= 

irrrTydro^r^e of the re^e so 

at" «65 with' a . hydropic am.no acid *ay 

"uo, Amino acid substitutions at «« - ^o 

abrogate interaction with ^J^J^^ZZ 
t C cc with G stabilizes the protein against vm, 
, Tin YI565-566 can be replaced with substitute 
gradation ™* ^ s _^ can be repl aced with 

amino acids. For exai^ , stabilize the 

GG to abrogate interaction with VHL, to 
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t i„ aaainst VHL-mediated degradation, and to remove 
protein against van transactivation. Because 

the hypoxic dependency of at v 56 B 

neutral or ^ ^c ^larly a neutral or 
appear to produce this ef f . ^ 
hydrophilic substitution at YI565 

this effect. DDD569-571 to 

toml The replacement of amino acid ^ ^ 

M abrogated interaction «th WL. K 9 ^ have 
^ the faction 

degradation and rendered hypoxi a-dependent . 

the protein constitutive or ^ ^ 

Other substitutions to FQW« =' 

effect. „ uio-rp conducted to 

mull Next immunoblot assays were cone 

• ^ affect on wild-type cr mutant U-TH) m the 
determine the atrect. on _ f _ Ho ., 0 £ vHL. 

absence or presence of increasing «"^» 

1 « - — d t;\nJe? 2 -"'or r t ant .Fig. 13. 

" 99ed r,TTx» was racily -expressed in CO. 
lanes 5-7) N-tad 

. ..u a -Kopnce (-) or presence (+,1.0 V>9> 
cells in the absence II P 

, g/6 -cm dish) of -J % hoi r C ell tracts 

incubate d at J- ^ - iA ^ analyzed by 

TttTna The blots w7re developed 1th anti-FLAG 
immunoblottmg. The bio ^ 

(Fig. 13, upper panel) or anti-VHL (Fig. 

antibodies. w-TAD protein 

101131 As seen in Figure 13, wild- type N tau p 
[0113J ^» ma ___ r bv vHL (compare 

a^a -in a dose-dependent manner oy |BU 

TjtT » edit, 'the stability of the mutant^- 
. ^ was not affected by identical concentrations of VHL 
(compare lanes 5-7) . VHL -mediated 

l0 " 41 ■ T ° r^ralX rivo ubi^itination 
were —d'usi, ^- T ea -l-^. - 
Jtant ^e FIAS epitope alone Fxg. U. »* 

FLM-tagged wild-type N-TRD (Fig. 14, lanes 2 and 3, 
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« tx* a 14 lanes 4 and 5) and HA- tagged 
mutant N-TAD (Fig. 14, lane ^ 

. ■ « <-r-annientlv coexpressed in 

ubiquitin were transiently P ^ 

the presence (Fig. 14, lanes 1, 3, 5) in 
U. Lee 2, O - - ^™^IZ 6 ™Z~: 

s~ ~£ — 5 -rr^irs 

pane!, compare lanes 2 and 3). On Ai#tiBtlon 

panels. Importantly, these res 
that VHL mediates ubiquitinatron of HIF 1 alp 
7 • i interaction with the minimal N-TAD motif. 

0 ^ the urination of the minimal N-TA, 
llti it was determined which cf the three lysmes of N- 

laLted for regulation by VHL. FLAG-tagged 
TAD were targeted f „ gu Elffi , and 

wiid-type or ,„gl lysin cransiently expre ssed 

r;™3 :;r T he ^. ~. ^d - or 

lla for 12 hours, and whole cell extracts were 
P^red as in Example XA and analyzed by immunoblott.ng. 
S anlfogy to full length HIF-1 alpha, the mrnrma 1 wxld- 
^ GAM /N-TAD fusion ^^J^Z 
.gradation oT^ stabilized 

Ither lysine mutants was hardly detectable at no™ 

° F ig »> ■ *- " s indlCate ^ ^ 
significant for degradation of HIF-1 alpha. 

• ' of VHL at normoxia 
ExartEle_5i s^llular localization oLJ^! 

a nj_ hypoxia 

UlU! Previously it was demonstrated' that hypoxia 
fauces nuclear translocation of BXF-1 alpha (Kalllo. P. 
J St al., SMBO J., 17,6573-6586, • » «- ° f 
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• i-^ a ffickinq has been suggested 
VHL, nuclear-cytoplasnac trafficking ^ 

. a fnr vhl function (Lee, ec 
to be reared for : « f o£ m in relation 

stud y the intracellular lo ^ was 

to its .unction in normoxi * ™ *yp ^ ^ 

tr a*siently expressed a c ^ fMMO with FLM -VHL 

on cover slips were transiently hours . 

, (l) cMX/VHL) and incubated tor « 

expression plasmid lpC» / ^ (U 0j) or 

After incubation tor 6 hour ^ 

■„ hi* 0,) conditions, the cells 
normoxic (21% Oi> oo temperature for 

4% (w/v) paraformaldehyde in PBS at room v 
4< W/v, f b incubation with anti » 

30 minutes. foUowed by ^ ^ x . MC 

.nonoclonal antibody in PB imunofluo re S cence was 

at 4 . c for 9 hour - in^r 

obtained by using J"^^ (ftmersham , in PBS and 
^ PXTC-con^te. B P ta^ itatiTC ^ 

Kallio, p. J. ec w.. » at normox ia, 

„«., As seen in Figu~ • ^ 
i^of luoresoence by an ant^ ^ ^ toward 
tta ou g hout the eel cowarCment of the cells, 

iocalisation m th imm unoreactivity was 
A very similar ^"^^^ . semiguantitive 
observed under hypoxic cone ^ 

, ~f the subcellular localization 

analysis of the s disclosed in 

Kallio, P. J. et al., ■» trans fected 
normoxic conditions, reveals that 47% 

cells had e«ual distribution of ^ 45% 

rr ^rirs^. — — 

tdo^ver that detected * -~ J* = 

„v rwv 3% of the tranBfected cells snoweu 
N<C). Only 3% or t cytoplasmic signal 

£1 uorescence dominating over the =yt p 

.category K>c> , and no «-*ect e dce^ ^ ^ 

nuclear staining (category N) Hypoxia rf 

cells had no effect on ^ 6% ot tb e 

VHL since under these conditions 47%, SI* an 
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, n. fell into categories N-C, N<C, and N>C, 
transtected cells fell into ra3u l t s obtained at 

respectively. Consistent ^ ^sZ ™ »* 
ncrmoxia exclusive nuclear cmtrM t to 

observed under hypoxic conditions- *. 

^eUular -^auon of «. was not altered upon 
exposure to hypoxia. 




[01191 „ext tbe subcellul. localisation of .Id-type 

mutants, HIF-i aJ-P« a ter t he 

. 4- The HIF-1 alpha K719T mutant fails co e 

mutant. The Hir P CO nstitutively 

nucleus at hypoxxa and is th ^ 

i> j -in t-he cytoplasm (Kallio, a. 
localized in the cyt p A 178-390 mutant 

J ■ » 17:6573-6586, 1998). The a nd shows constitutive 

lack s a portion of the PAS domain and shows 

nuclear localization (Kallio, P. J. at 

17:6573-6586, 1998). flu0 rescent 

protein (GFP) rusea. coding 
alph a «as T ^ ^ „ 

region from ^"^l J th ^ polymerase) and 
(th e ^ ^ . nto . ^-Knel digested pCMX- 

ligating thrs m-frame m 17 !657 3-658 6 , 

SAH-Y145F (Kallio. P. J- eC aJ -' encodes a 

1998) . The pC»-S*H-vU5F expressron vector erodes 
Mflri. and highly chromophobe form of GFP unaer 

confers a wavelength snitt eu 
S6SA mutation ^ ^ as as a y 145F 

temperature -"-^ i P ntracellular stability of 

substitution increasing t const ructed by 

GFP . Tbe GFP-HXF-! alpha (K719T) ™ ^ 

site-directed mutagenesis ot ^ C ^\ eBClibsi in 
localization signal by overlap PCR as 
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«- *i rurrent Protocols in Molecular 
Ausubel, F. M. at al , Current ^ 
«• i-^r t wilev and Sons, NY, l***- 

, 719 *M to ACA) was introduced into a PCR 

station (codon 71S A** ^ 3ubfragment 

prod u=t and then gfp fusion of full- 

r^raT car^i" — nation was 

nlfaft levied by inserts the N-terminal B-I- 
S pel rragment of HIF-1 alpha into P™*'" 1 ^ " 

S« K719T, WHO, J- « ■» J - 17 = 6 d 57 - 6 ^ s ; 

„„) . The plaids were transiently expressed in COS7 
ce u COS7 cells grown on cover slips were transiently 
tweeted with the respective GFP-fusion expression 
plaids and incubated for 24 hours. Following 24 hours 
P 0 Session, the transfected cells were further 
lubaTed under either normoxic (21* 0.) or >W»» J» 
Z conditions for 6 hours hefore ^-rvatron^ 
Subcellular distribution of fluorescence activity wa 
examined and photographs taken using a Zeiss Advert 135 
Xr scope with an FITC-filter set. and epifluorescence 
Tth illumination fro™ a Gixenon burner (Carl Zeiss ,ena 

^/^Ccted, HIF-X alpha M7S-3S0 shows 
institutive nuclear localization under ^ ^ 

hypoxic conditions, whereas, HIF-1 alpha K719T, which 
jfils to enter the m cleus at hypoxia and is thus 
constitutively localized in the cytoplasm (Fig. «) . . 

c ,o t-ho effect of VHL on the 

rni92l In Figure 18, the eneci- 
[01221 ^ » full-length 
=t-»bilitv of the wild-type HIF 1 aipuo 
stability o stability of the HIF-1 alpha 

protein was compared to the stability ° 
K7WT mutant. P FLAG-CMV2/HIF-1 al P haK71 9 T was made by 
inserting a BaaHI-ahel (the Nhel site was filled-in with 
Tenow polymerase, fragment of pGFP/HIF-1 
, digested P FLAG-CMV2. Following 24 hours of 

expression, the transfected cells were further mooted 
under either normoxic (21% 0„ Fig. 18, lanes 1, 2) or 
hypoxia (1* 0„ Fig. 18, lanes 3, 4) conditions for 12 

wv^io r-pll extracts were 
hours before observation. Whole cell 

prepared as in Example 1A and assayed by immunoblot 
analysis as in Example IB. 
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„r,/mHons both wild-type HIF-l 
IoiaM under ^^^aded in the presence 
alpha end HIF-1 elpha K719T were gr etlngly , 

o£ rzr^TJZ'^***-* ,albeit not 

^ ZZ to 1 under hypoxic conditions («,. 

r^r^o test if nuclear localisation is sufficient 

«ct HIF-1 alpha from VHL-mediated proteasomal 
to protect HI* ■ 1 a p ^ the 

degradation^ the e«e t ^ ^ 

HIF-1 alpha *™ "° was constructed by inserting 

CMV2/HIF-1 alpha alpha(M78-390) into a 

a Sail fragment of pCMX-caW"-* * 

ciTdiaested P FLAG-CMV2. Following 24 hours of 

S all-dxgested PF ^ incubated 

expression, the " ansfe ' lanes lf 2) or 
under either normoxic (21% 0 2 , fig. 

•• /no Fiq 18, lanes 3, 4) conditions for 12 

hypoxic (1% 0 2/ Fig. is, ex tracts were 

7r 8 "ure IS. the HIF-1 alpha *»-,» 

was degraded at normoxia upon exposure to VHL 
mutant was a g loca lization per 

(compare lanes 1 and 2) . Thus 

in hypoxic cells (compare lanes 2 and 4) . These results 
ndi^te that, in addition to nuclear translocation a 

SSI. liven the string overlap 
of HIF-1 alpha between the structures that medxate 
^en-dependent degradation, physical interact^ wxth 
vm. and hypoxia-inducible transactwation, it is 
^sib^ that this putative intranuclear stabilise 
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be linked to the transact ivat ion function of 
signal may be linnea 

the protein. 



VHL 



i^nc^rele^ 



Example _ 
hypoxic cells 

whether VHL was released from HIF alp ^ 

released f rem HIF l a p ^kf-i alpha (4 

D BD ,4 H ) (Fas- »' J transie ntly expressed in 
US) (Pig. IS. 2 61 lane 2) or presence 

C0S7 cells in the " r i iocTdL^plaeUc 

for 1 3 or 6 hours under normoxic (Pig. 19, 1 ' 

^ i „r hvooxic conditions (Fig- 4 ' 6 ' 
respective ly or hypo-c c ^ g ^ ^ 

respectively). Cells were before 
proteasome inhibitor (Calbiochem) for 6 h °^ S 

„ cells in TEN buffer. The cell pellet was 
harvesting the cells mi ^tract buffer 

\* a ^ 900 liters of whole cell extract 
resuspended in 200 llters ^ beta _ . 

n:rt:r roc h ti- 

W1 th protein concentrations of 

for 30 minutes at 14,000 rp Bio .^i protein 

the extracts were measured using the Bio Rao P 

J rLent Coimmunoprecipitated proteins were 
"a Ld X ^-P^B followed hy in-unoblotting . 

control, 10% of input whole cell extracts were used (Fig. 
19, lower panel) . 
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[0ia7 , as expected. «L was specifically 
cir,itated together with GAL4/HIF-1 alpha under 
». lanes 1-3) . However, VHL 

normoxic conditions vrxy. 

1 also coimmunoprecipitated under hypoxic conditions t 
le vels similar to those observed at normoxia rig. " 
Is 4-6, . These results indicate that 
the HXF-1 alpha-VHL complex is not necessary for 
protection of HIF-1 alpha from VHL-mediated 
and that there exists a mechanism for hypoxia-dependent 
inactivation of VHL function when remaining associated 

"oi^r^ext it was determined whether Amt was 
associated with the HIF-1 alpha-VHL complex. GAL4/HIF-1 
alpha or - the minimal GAL4 Dm binding domain 
expressed in COS7 cells in the absence or presence of VHL 
and/or Amt at normoxia or hypoxia. As expected, Arn was 
specifically coimmunoprecipitated together nth GAL4/HIF 
1 alpha under hypoxic conditions in the absence of VHL 
(Fig 20) . Moreover, in the presence of VHL, Arnt and 
GAL4/HIF-1 alpha were also coimmunoprecipitated in a 
hypoxia-dependent fashion (Fig. 20), demonstrating that 
these proteins formed a ternary complex in hypoxic cells. 

w 8 . Ro ie of n mf..ln stabi" "tion in regulation of 

^^, !?l: r :^. transac ^t^oSSi 

htp-1 alpha N-TAD domain 

[01293 Transcriptional activation by HIF-1 alpha in 
hypoxic cells is mediated by two distinct transaction 
domains, N-TAD and C-TAD (Arany, Z. et al., Proa. Nat!. 
Acad. Bci., 93:12969-12973, 1996; Kallio, P. J- et al., 
EMBO J., 17:6573-6586, 1998; Ema, M. et al., EMBO J., 
18-1905-1914, 1999; Carrero, P. et al.. Mol. Cell. Biol., 
20*.402-415, 2000). Given the fact that VHL interacted 
with the minimal N-TAD structure, a comparison of both 
the stability and transactivation functions of GAL4 
fusion proteins harboring either the wild-type or the PYI 
mutant N-TAD motifs (Fig. 11) was made under normoxic and 
hypoxic conditions. 
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I0130] Four (4) micrograms of 

PYI mutant N-TAD were transiently expressed m COS7 cell 
in 10 cm diameter plastic dishes under normoxxc (Fig. 21, 
anes 1, 3) or hypoxic (Fig. 21, lanes 2, 4) colons 
f0 r 12 hours. Whole cell extracts were prepared as in 
Example 1A and assayed by inkblot analysis as xn 

Example IB. minimal 
[0131] in analogy to full length HIF i. 
wild-type GAL4 /N-TAD fusion protein showed significant 
degradation under normoxic conditions, and was s^xlxzed 
by hypoxia (Fig. 21, lanes 1-2). PYI mutant G^TAD 
protein levels were readily detectable by immunoblot 
analysis of extracts from normoxic cells, and were ^ not 
significantly increased following exposure of the cells 
to hypoxia (Fig. 21, lanes 3-4). 

[0 132] A minimal N-TAD fragment comprxsxng resxdues 
547-575 behaved similar to the N-TAD domain: it showed 
significant degradation under normoxic conditions, and 
was stabilized by hypoxia (Fig. 30). In contrast, 
mutation of the single P564 resulted in stnkxng 
protection against normoxi a -dependent degradatxon of the 
protein fragment, and was not further stabilxzed by 
hypoxia treatment of the cells (Fig. 31). Thus, the 
failure of these mutants to interact with VHL, as 
assessed by coimmunoprecipitation experiments (Fig. 12; 
Fig 27), correlated with constitutively stable protein 
expression levels which were similar to those generated 
by wild- type GAL4/N-TAD under hypoxic conditions. 
[0133] The transcriptional activity of wild-type or 
PYI mutant GAL4 /N-TAD (0.2 ug/30-mm dish) was analyzed xn 
COS7 cells in a cotransf ection assay with a luciferase 
reporter gene under the control of thymidine kinase 
minimal promoter and five tandem copies of GAL4- 
responsive elements (GAL4-luc) (0.5 ug/30-mm dish) and a 
beta-galactosidase expression plasmid (0.05 ug/30-mm 
dish) as an internal control. After 6 hours of 
transfection, cells were incubated for 36 hours under 
hypoxic (1% 0 2 ) or normoxic (21% 0 2 ) conditions prior to 
analysis of reporter gene activity. Reporter gene 
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activities are expressed relative to the activity in the 

act „ f the GKL4-DNA binding domain alone at 

presence or he ^ ^ ± SD q£ chree 

normoxia. Values repj. r-icmre 22" and 

e As observed xn Figure ^ 

££"7 irCT^ransactivation assays using 
a ^-driven luciferase reporter gene, a rather modest 
3-fold) activation o£ the function of the m^mal 
IZ tje * ^a. This result was 

e^ectel in view of results disclosed in carrero, P. et 
al , Mol. Cell. Biol., 20:402-415, 2000. 
^ ID the context of full length HIF-1 alpha 
lotion of the m ~tif rendered the protexn stable 
^ Irmoxic conditions and resistant to «ate 
degradation (Fig. 23), demonstrating that Uu. ^ 
the critical determinant for VHL-dependent degradatxon of 
alpha. Although the mutant protein showed an 
increased constitutive transcriptional » 
comparison to wild-type HXF-1 alpha rt was st.ll 
hypoxia-inducible (Fig. 24). within the mimmal N-TAD 

t n™, of the PYI motif reduced the 

domain, mutation or ^ne fli 

"ansactivation function with regard to both act^vr ty 
observed at normoxia and hypoxra (Frg. 
results indicate that the mutation may generally have 
altered the structure important for transaction, 
possibly impairing some of the protein contacts that may 
I required for the full activation response 
Nevertheless, this mutated construct was inducible by 
hypoxia, yielding an about two-fold urease in 
transcriptional activity (Fig. 22). These data indicate 
that the stabilised protein resistant to degradation by 
VHL is still capable of mediating a hypoxia-dependent 
activation response, and that protein stabilisation per 
3 e does not bypass the need of the hypoxic signal for 
transact ivation. 

[0135] in contrast to the broad PYI-AAA mutatxon 
described above the transact ivation function of a GAL4-N- 
TAD fusion protein containing a single P564A mutatxon 
resulted in a dramatic increase in transaction 
function by the protein. In fact, it was comparable to 



39 



PCT/IB01/01775 

WO 02/12326 

the activity of the maximally hypoxia- induced function of 
the wUd-type construct (Fig. 30). ^^J^ 
activity of the PS64A mutant construct was not further 
enhanced by hypoxia treatment, demonstrating that ,t was 
rendered constitutively active at >ugh evel , by thi 
Single point mutation (Fig. 30) . In a s^lar 
mutations YI565-S66, and DDD-ARA not only abol 1B h« M*b- 
N-TAD interaction (Fig. 27) but also rendered 
constitutively active mutants of fusion 
protein constructs, as assessed in reporter gene assays 
performed as described above in 233 cells (Fig. 28) . 
[01361 in addition to the activity of the P564A mutant 
construct, additional substitutions of any amino acxd at 
P564 will yield similarly active mutant constructs For 
example, P564H also abrogates interaction w lt h VHL, 
stabilises the protein against VHL-mediated degradation, 
and renders the transaction function of the protern 
constitutive. H»t is, the protein is no longer hypoxxa 

dependent . ^ 
[0137] Specific mutations destroying the function of 
the degradation box are useful applications of the 
present invention. Father, directing protein 

degradation through fusion of a normal degradation box to 
proteins other than HIF-1 alpha has utility with regard 
to all cellular proteins. 

^ nf conditional reguJaMorLoi^l^^ 
function under normoxia and hypoxia 

[0138] The data presented here indicate that under 
normoxic conditions VHL functions by targeting HIF-1 
alpha for ubiquitin-proteasomal degradation by recruiting 
HIF-1 alpha to the VHL-BC-Cul-2 complex. The interaction 
between the two proteins occurs via the beta-domain of 
VHL and the minimal N-TAD of HIF-1. Hypoxic conditions 
lead to inhibition of degradation of HIF-1 alpha by 
induction of nuclear translocation and a regulatory 
signal that may be linked to recruitment of a partner DNA 
binding factor, tent, transcriptional coactivators and/or 
the redox regulator Ref-1. 
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,. v a~a areas in VHL in Figure 25 indicate 
rol3Sl The shaded areas in 

! ! hot snots in tumors that coincide with the 
mutational hot spots u 

™- fhe elonqin C binding domain (CBD) or 
beta-domain or the elongi domains 
respectively. Mutations in either of these 
stabilize the HIF-1 alpha protein. Seated 
[0 140] The point mutagenesis experiments indicated 
Lat the high* conserved central P. * 
of HIF-1 alpha, and, in particular the PM4 
residues were critical for interaction with VHL and for 

VHL-induced proteasomal degradation. In fact, it 
Vffl, inauceu y structure 
demonstrated that the minimal HIF 1 alpna 
„as specifically ubiguitinated by VHL, . — tha t this 
process reguired the conserved central PYI motif. G ven 
the conservation of this core ™tif between HIF-1 alpha 
Z the related, tissue-restricted ^-inducible 
factor EPAS-1/HLF (Ema, M. et al., Proc. *U. 
ScJ 94=4273-4278, 1997, Tian, H. et al., Genes * Dev., 
Ti v-l. 1997,. " ^ U*.1T «-t both factors are 
regulated by VHL-mediated ubiguitination in a similar 
ashion in support of this EPAS-l/HLF has — tly een 
reported to also contain an oxygen-dependent 
domain overlapping . w*h the N-TAD <B*a. M e : al H»B0 
.t 18-1905-1914, 1999), and to interact with VHL m 
' 18 / 1 p „ etlll Matur e, 399:271-275, 1999). 

vitro (Maxwell, P- H. et u., ivsi.ux=, 

10141] A second point mutation has also been 
demonstrated to play a critica! role, that be^g lysine 
residue K547. This lysine residue was shown to be 
critical for HIF-1 alpha protein stabilization 
[0142] As schematically outlined in Figure 25 
hypoxia-induced protection of HIF-1 alpha against 
relation by VHL involves two distinct and success ive 
steps: nuclear translocation of HIF-1 alpha and an 
intranuclear event or signal required for protecting HXf- 
1 alpha against VHL-induced proteolysis. ita. j model - 
based on the observation that a mutant of HIF-i alpha 
which fails to enter the nucleus . showed VHL-induced 
degradation even in hypoxic celis. On the other hand a 
mutant form of HIF-1 alpha which shows constitutive 
nuclear localization was degraded in normoxic cells but 
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showed hypoxia-inducible stabilization in t* P*-«^ 

These data indicate that n 
^realization does not s^ice - 

alpha ag a iM t 

the hypoxic signal for resi 

riven the striking overlap within the N 
llha between the structures that mediate oxygen- 

alpha between m<= with VHL, and 

dependent degradation, physical interaction with 

^-inducible transaction, it is P-^V^ 

the putative intranuclear stabilizing signal my 

linked to the transaction function of the protein. 

)Tm It was previously observed that hypoxia- 
[0143] It wa y c _ TM) is 

inducible function of both the ^ ^ 

critically dependent on the_ c 

transcriptional coactivator CBP/p300 3 . ia969 _ 
„ il Proc. Matl. Acad. Sci., S3.i«" 

(Arany, Z. <* al.. Pr 17:65 73-6586, 
12973 1996; Kallio, P. J- et as., ^ 

1998^ Ema M. et al.. J. , 18 :1905-1914, 1999, 

"p. et al., cell. Biol., 20:402-4 15 . 2000). 

^ recruits appears to he facilitated by the ; re o X 
regulator Ref-1 (Ema, «■ at al., B»° J., 
„», Carrero, P. et al., *I. Cell. *>*~ »^^ 
2000) Thus, the functional architecture of the N-TAD 
encloses overlapping structures which have two 
Cerent Actions. In fact the functions are opposing 

ie protein degradation versus activation of gene 
ranscription. This creates an important .witch' in 

elation of HIF-1 alpha protein function. » 

In the model in Figure 25, the hypoxia-dependent 

intranuclear mechanism of protection may involve 

in anu „ ,. ,.=.,.™it™mt of coactivators, 

dimerization with tent, recruitment o 

and/or recruitment of Ref-1. Importantly, the present 
data indicate that protein stabilization per se does not 
provide the sole basis for rendering HIF-1 alpha 
transcriptionally active. Even if the N-TAD protein was 
Ze constitutive* stable and resistant to VHL by point 
»tagenesis. it still reguired hypoxic 
regard to its transact ivat ion function. It is possttle 
that covalent modification of the C-terminus of HIF-1 
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i - role in determining this regulatory 
alpha may play a role - ^ ^ ^ 

effect. in analogy to the stero it 

f »7 Curr. Qpin. Genet. Dev., 9:140 
L. et al., curr. ^ hypoxic signal 

. n ahtractive scenario that tne uyy 
is also an attractive wtp-i alpha 

« a — - u-a — c ct - ^ L 

which facilitates recruitment of 
inactivates VHL function. 

^^rint-ion and examples have 
roi441 The foregoing description ana / 

, forth merely to illustrate the invention and are 
been set fort gince modif ications of the 

not intended to be limiting. and 

Incite tu variations fallin, within the .cope o £ the 
appended claim* and equivalentB thereof. 
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WHAT IS CLAIMED IS: 

!. An isolated polypeptide comprising an amino 
a cid of SEQ ID «0:4 and fragments thereof with an altered 
PYI motif at residues 564-566. 

2 . The isolated polypeptide of claim 1. "herein 
residues 564-566 are replaced by DDD. 

3. ' The isolated polypeptide of claim 1, wherein 
residues 564-566 are replaced by MA. 

t . An isolated polypeptide comprising an amino 
acid of SEQ ID N0:4 and fragments thereof with an altered 

P564 residue. 

5 . The isolated polypeptide of claim 4, herein 
residue 564 is replaced by A. 

6 . The isolated polypeptide of claim 4, wherein 
residue 564 is replaced by H. 

7 . An isolated polypeptide comprising an amino 
acid of SEQ ID NO: 4 and fragments thereof with an altered 
YI656-566 residue. 
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8 . An isolated polypeptide comprising an amino 
acid of SEQ ID NO: 4 and fragments thereof with an altered 
PM567-568 residue. 

9. An isolated polypeptide comprising an amino 
acid of SEQ ID NO:4 and fragments thereof with an altered 
DDD569-571 residue. 

10. An isolated polypeptide comprising an amino 
acid of SEQ ID NO: 4 and fragments thereof with an altered 
K547 residue. 

U. The isolated polypeptide of claim 10, wherein 
the amino acid at position 547 is replaced by R. 

12. An isolated polypeptide comprising an amino 
acid of SEQ ID NO: 4 and fragments thereof with an altered 
Y565 residue. 

13. The isolated polypeptide of claim 12, wherein 
the amino acid at position 565 is replaced by G. 

14. An isolated polypeptide comprising an amino 
acid of SEQ ID NO: 4 and fragments thereof with an altered 
1566 residue. 
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15. The isolated polypeptide of claim 14, wherein 
the amino acid at position 566 is replaced by G. 

16. An isolated 'polypeptide comprising an amino 
acid of SEQ ID NO: 4 and fragments thereof with an altered 
FQL 572-574 residue. 

17. The isolated polypeptide of claim 16, wherein 
the amino acids at positions 572-574 are replaced by AQA. 

18. An isolated nucleic acid molecule comprising a 
polynucleotide sequence which encodes the polypeptide of 
any one of claims 1-17. 

19. A vector comprising the nucleic acid molecule 
of claim 18 in operative association with at least one 
promoter . 

20. A host cell transformed or transfected with the 
vector of claim 19. 

21. A pharmaceutical composition comprising the 
isolated polypeptide of any one of claims 1-17 and at 
least one pharmaceutical carrier or adjuvant. 

22. The vector of claim 19, wherein the vector is a 
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23. The vector of claim 19, wherein the vector is a 

viral vector. 

24. The vector of claim 19, wherein the vector is a 
retroviral vector. 

25. The host cell of claim 25, wherein the host 
cell is a prokaryotic cell. 

26. The host cell of claim 25, wherein the host 
cell is a bacterial cell. 

27. The host cell of claim 25, wherein the host 
cell is a eukaryotic cell. 

28. The host cell of claim 25, wherein the host 
cell is a mammalian cell. 

29. A method of making a protein or a functional 
fragment thereof, comprising: 

introducing a nucleic acid according to claim 18 
into a host cell or cellular extract; 

incubating said host cell or cellular extract under 
conditions such that said nucleic acid is expressed as a 
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transcript and said transcript is expressed as a 
translation product comprising said protein; and 
isolating said translation product. 

30. An isolated protein or a functional fragment 
thereof made by the method of claim 29. 

31. A method of producing an isolated degradation 

box protein, comprising: 

infecting, transforming, or transducing a host cell 
with an expression vector comprising the nucleic acid of 

SEQ ID NO:2; 

culturing said host cell; and 

removing the isolated protein from said host cell. 

32. An isolated protein or a functional fragment 
thereof, made by the method of claim 31. 

33 . A method of screening for an agent which 
modulates N-TAD function, comprising: 

incubating a mixture comprising: 

an isolated protein according to claim 29; 
a target protein; and 
a candidate agent 
under conditions whereby, but for the presence of 
said agent, said isolated protein specifically 
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translates reporter genes, or elates v^-dependent 
degradation, or phyeioaUy interacts with VBL at a 

reference affinity; 

detecting the binding affinity of said isolated 
protein to said target protein to determine an agent- 

biased affinity; 

wherein a difference between said reference affinity 
and said agent-biased affinity indicates that said agent 
adulates the functional activity of said isolated 
protein to said target protein. 

34. The method of claim 33 wherein the target 
protein is VHL or a fragment thereof. 



35. The 
is at normoxia 

36. The 
is at hypoxia 



method of claim 33 wherein the incubation 



method of claim 33 wherein the incubation 



37. A. method of evaluating a potential analog of 
the PYI motif or P564 spanning protein or a functional 
fragment thereof for VHL-HIF-1 alpha interaction 
modulating efficacy, comprising: 

determining a natural VHL-HIF-1 alpha interaction 
within a cell, a group of cells, or an organism; 
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Mistering said potential analog to an e^valent 
test o*ll, group of oells, or organism; 

measuring the level of VHL-HIF-1 alpha interaction 
in said test cell, group of cells, or organise and 

oetermining said potential analog is efficacious 

* l^vel of VHL-HIF-1 alpha 

when the measured test level or vn 

n - arpater than the natural level 
interaction is equal to or greater cnan 

of VHL-HIF-1 alpha interaction. 

38. The method of claim 37, wherein said test cell, 
group of cells, or organism are at normoxia. 

39. The method of claim 37 wherein said test cell, 
group of cells, or organism are at hypoxia. 

40. A method of evaluating an antagonist of the PYI 
mo tif or P564 spanning protein or a functional fragment 
thereof for VHL-HIF-1 alpha interaction inhibiting 

efficacy, comprising: 

determining a normal , level of VHL-HIF-1 alpha 
interaction in a ceil, a group of cells, or an organism; 

administering said antagonist to an equivalent test 
cell, a group of cells, or an organism; 

assuring the level of VHL-HIF-1 alpha interaction 
in said test cell, group of cells, or organiem; and 

determining said antagonist is efficacious when the 
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.assured test level of VHL-HIF-1 alpha interaction is 
le ss than the normal level of VHL-HIF-1 alpha 

interaction. 

The method of claim 40, wherein said test cell, 
group of cells, or organism are at normoxia. 

42. The method of claim 40, wherein said test cell, 
group of cells, or organism are at hypoxia. 

43. A method of regulating the HIF-1 alpha 
signaling pathway of a hioentity seated from the group 
consisting of a cell, group of cells and a living 
organism, comprising administering a substance selected 
from the group consisting of a PYI motif, a functional 
fragment of a m motif, an analog of a PYI motif, a P564 
epanning protein, a functional fragment of a P564 
spanning protein, and an analog of a PS64 spanning 
pro tein to said cell, group of cells, or living organism. 

44. A method of regulating the HIF-1 alpha 
signaling pathway of a hioentity selected from the group 
consisting of a cell, group of cells and a living 
organism, comprising administering « antagonist of a PYI 
aotif or an antagonist of a PS64 spanning protein to said 
cell, group of cells, or living organism. 
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45. A method of treating disease, comprising 
administering full length HIF-1 alpha or an analog 
thereof, said full length HIF-1 alpha or analog 
containing at least one mutation or modification of the 
PYI motif to a cell, a group of cells, or an organism. 

46. The method of claim 45 wherein said disease is 
an ischemic condition. 

47 . The method of claim 46 wherein said ischemic 
condition is selected from the group consisting of: brain 
infarction, heart infarction, and circulatory disorder. 

48 . A method of treating a disease selected from 
the group consisting of cancer, hypertension, 
demyelinating disorders, diffuse proliferative 
glomerulonephritis, toxoplasmosis caused 
retinochorioidits, HIV caused Tat angiongenesis, HIV 
caused Kaposi's sarcoma, hepatitis caused inflammation, 
hepatitis caused angiogenesis, chronic ulceration, 
proliferative retinopathy, retina hemangioblastomas , 
neovascularization, arterial hypervascularization, 
sarcoidosis, bullous skin disease, vasculitis with 
angiogenesis, dermatomyositis with angiogenesis, 
polymyositis with angiogenesis rheumatoid arthritis, 



52 



PCT/IBOl/01775 

WO 02/12326 

juvenile osteoarthritis, polyarthritis, aneurysm and 
atheroma, comprising administering an antagonist of the 
PYI motif or P564 spanning protein or a functional 
fragment thereof to a cell, a group of cells, or an 
organism. 

49. A method of treating disease, comprising 
administering an agonist of the PYI motif or P564 
spanning protein or a functional fragment thereof to a 
cell, a group of cells, or an organism. 

50. The method of claim 49, wherein said disease is 
selected from the group consisting of ischemia, brain 
infarction, heart infarction, and circulatory disorder. 

51. A method of promoting conditions in an in vitro 
culture, comprising adding a substance selected from the 
group consisting of a constitutively active HJF-1 alpha 
mutant, a functional fragment of a constitutively active 
HIF-1 alpha mutant, an agonist of the PYI motif, and an 
agonist of the P564 spanning protein to the culture. 

52 . The method of claim 51 wherein the culture is 
used to sustain or grow neural stem cells. 

53. A pharmaceutical composition comprising a 
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substance selected from the group consisting of a PYI 
mo tif, a functional fragment of the PYI motif, an analog 
. of the PYI motif, a P564 spanning protein and a 
functional fragment of a P564 spanning protein, and an 
analog of a P564 spanning protein, and at least one 
pharmaceutical carrier or adjuvant. 

54 . A pharmaceutical composition comprising an 
antagonist of the PYI motif or an antagonist of the P564 
spanning protein, and at least one pharmaceutical carrier 
or adjuvant. 

55. A method of regulating the function of a 
molecule selected from the group consisting of HIF-1 
alpha, EPAS, and HIF-3alpha in a cell, a group of cells, 
or an organism, comprising administering to said cell, 
group of cells, or organism a substance selected from the 
group consisting of the PYI motif, a functional fragment 
of the PYI motif, an analog of the PYI motif, a P564 
spanning protein, a functional fragment of a P564 
spanning protein, and an analog of a P564 spanning 
protein to said cell, group of cells, or organism. 

56. A method of regulating the function of a 
molecule selected from the group consisting of HIF-1 
alpha, EPAS, and HIF-3alpha in a cell, a group of cells, 
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or an organism, comprising administering an antagonist to 
the PYI motif or an antagonist to the P564 spanning 
protein to said cell, group of cells, or organism. 

57. A method of effecting degradation of a molecule 
selected from the group consisting of HIF-1 alpha, EPAS, 
and HIF-3alpha in a cell, a group of cells, or an 
organism, comprising administering a substance selected 
from the group consisting of the PYI motif, a functional 
fragment of the PYI motif, an analog of the PYI motif, a 
P564 spanning protein, a functional fragment of a P564 
spanning protein, and an analog of a P564 spanning 
protein to said cell, group of cells, or organism. 

58. A method of increasing angiogenesis , comprising 
administering a HIF-1 alpha mutant having an alteration 
of at least one residue selected from the group 
consisting of K547, P564, Y565, 1566, D569, D570, and 
D571 to a cell, a group of cells, or an organism. 

59. a method of regulating angiogenesis, comprising 
administering a HIF-1 alpha mutant having an alteration 
of at least one residue selected from the group 
consisting of K547, P564, Y565, 1566, D569, D570, and 
D571 to a cell, a group of cells, or an organism. 
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60 . A method of increasing erythropoiesis. 
cousins altering a HIP-1 alpha mutant having an 
iteration of at least on. residue selected fro. the 
group consisting of «7. P564. ««. »«■ 

61 . A method of regulating erythropoiesis, 
comprising administering a HIP-1 alpha mutant having an 
alteration of at least one residue ejected from the 
grouP consisting of K547, PS64, YS65, 1566, DS6 9 , D570. 
^ D571 to a cell, a group of cells, or an organism. 

62. A method of controlling oxygen-dependent 
degradation of a protein, comprising incorporating the 
sequence of SEO ID «0:5 in a cellular protein. 

63. The method of claim 62 wherein said protein is 



GAL- 4, 



• 64 . A method of detecting an HIM alpha sequence 
encoding an oxygen- independent degradable HIF-1 alpha 
m utant, prising evaluating of a sample sequence for an 
alteration to any one of residues 532 through 585. 

65. The method of claim 64, wherein said alteration 
occurs to a residues selected from the group consisting 
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of K547. P564, YS6S, 1566, P567, M568, D569. D570, DS71. 
F572, Q573 and L574. 

66 .' The method of claim 64, wherein said evaluation 
is effected by means selected from the group consisting 
of oligonucleotide probes, PCR-based diagnosis and 
antibodies. 
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SEQUENCE LISTING 



<110> POELLINGER, Lorenz 
PEREIRA/ Teresa 
ROAS, Jorge 

<130> 3743/49008PC 

<150> US 60/223,480 
<151> 2000-08-07 

<160> 7 

<170> Patentln version 3.0 

<210> 1 

<211> 642 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (l)-.(639) 

pa a a a s a a s a e a e a a a 

s s a a a a % a £ a a a a f a a 

20 25 
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35 40 

- s a a a a a a a a a a a a a s 

50 55 
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teg gtg aac teg cgc gag ccc tec cag gto ate ttc tgc aat cgc .gt 

Ser Val Asn Ser Arg Glu Pro Ser Gin Val lie Phe cy ^ 
65 70 

BBeaasessssssssa 

85 

ccc tac eea acg ctg eeg eat ggc acg age cgc cgc ate cac age tac 
Pro Tyr Pro Thr Leu Pro Pro Gly Thr Gly Arg Arg 
100 10:5 

% as a £ ss £ £ 5 - s a s a £ a - 

115 120 

a « a a £ a £ £ « s s ££ £ £ - 

130 135 

Bsssssssssassasa 

145 150 

s s £ a e « as s £ g £ - = - i « 

5£5££5S£SCSS = 5 ssi 

180 185 

£ ia a £ a £ a a a s a a s £ a £ 



195 

caa egg atg gga gat tga 
Gin Arg Met Gly Asp 
210 



<210> 2 

<211> 213 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Met Pro Arg Arg Ala Glu Asn Trp Asp Glu Ala Glu Val Gly Ala Glu 

1 5 

Glu Ala Gly Val Glu Glu Tyr Gly Pro Glu Glu Asp Gly Gly Glu Glu 
20 25 

Ser Gly Ala Glu Glu Ser Gly Pro Glu Glu Ser Gly Pro Glu Glu Leu 

35 40 
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O, AU Giu Glu Glu Met Glu Ala Gly «. «• X" " ^ "* 

50 55 

Ser Val » Ser Ara Glu Pro Ser Gin «1 H« «» * *» ^ 
65 10 

Pro Are val Val Leu Pro «1 Trp Leu Asn Phe Asp Gly O- «• «» 

8 5 

«, Tyr Pro Thr Leu Pro Pro Gly Thr Gly X. *« H- g- S « 

100 lo:> 

Ar„ Gly His Leu Trp Leu Phe Arg UP U. «» « *• «• 

115 120 

, t nu a val Pro Ser Leu Asn Val Asp Gly 
Leu Val Asn Gin Thr Glu Leu Phe Val Pro Ser ^ 

130 135 

Gin Pro lie Ph. Ala As„ Ue Thr Leu Pro Val Tyr Thr Leu Lys Glu 

145 150 

Arg cys Leu Gin val val Arg Ser Leu Val Lys Pro Glu Asn Tyr Arc 

165 

Arg Leu Asp He Vai Arg Ser Leu Tyr Glu Asp Leu Glu Asp His Pro 

180 18b 

Asn val Gin Lys Asp Leu Glu Arg Leu Thr Gin Glu Arg He Ala His 



195 200 



Gin Arg Met Gly Asp 
210 



<210> 3 

<211> 2481 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (1)..(2478) 
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<4 °0> 3 nan aaa aaa ata agt tct gaa 

atg gag ggc gcc ggc ggc gcg aac gac aag aaa aag ^ ^ ^ 
Met Glu Gly Ala Gly Gly Ala Asn Asp Lys uy* y 1& 
1 5 10 

cgt cga aaa gaa aag tct cga gat go. gcc aga tct egg cga agt aaa 
Arg Arg Lys Glu Lys Ser Arg Asp Ala Ala *rg * 3Q 

20 " 

s a a a s 5 a £ a a s a s £ s £ 

£ a fi B BS £ 5 5 S £ 3 SS B £ £ £ 

50 55 

s £ a a a a £ £ a * g * - 2 s * £ 

65 

e c a a £ e a a £ a a a 2 a a 2 
a a a a a a a a £ £ a a a a a a 

100 10b 

a a a a a a a a a a a a £ a a a 

115 120 

art cat cca tgt gac cat gag gaa atg 

s a a a a a a a a « <£ a bis gi ° giu Bet 

130 135 

5 a a a a a a a a a a a a a a a 

145 150 

a *rr„ htt etc aaa atg aag tgt acc eta act 

s a a a a a a a £ £ «.? ^ «. - - »» 

165 170 

s a a a a a a a a a a a 3 a a a 

180 1Bb 

s a a a a a a a a a a a a a a a 

195 200 
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210 215 

s s a a a a a a a a a a a a a a 

225 2 ^ 

ss a a a a a a a a a a £ a a $ - 



96 



144 



192 



240 



288 



336 



384 



432 



480 



528 



576 



624 



672 



720 



768 



Page 4 



WO 02/12326 



245 250 



PCT/IB01/01775 

255 

816 



gaa aga att acc gaa ttg jg WJ gt gag cc. gaa g. ctt tta gc 

Glu Arg lie Thr Glu Leu Met Gly Tyr biu 27Q 
260 ^ b:> 

275 280 

290 295 
tac agg atg ctt gcc aaa aga ggt gga tat gtc tgg gtt gaa act caa 
Tyr Arg Met Leu Ala Lys Arg Gly Gly Tyr vai ^ 32Q 
305 310 

325 ^ u 

- ss e s s a s « s s S E S 2 s e 

£ £ S E S S SS I £ S = «S 1 2 2 S 

355 360 

£ S S £ £ £ £ £ e = s E S > s 12 

370 375 

s £ £ 5 £ £ £ £ = s s s 2 s 2 a 

385 3 ^ 

S S K fi 85 B £ £ £ s - 5 £ S I = 

405 

gac aca gaa act gat gac cag caa ctt gag gaa gta cca tta tat aat 
Asp Thr Glu Thr Asp Asp Gin Gin Leu b±u * ^ 
420 4 " 

5 £ fi £ £ £ £ £ E £ = = i s s 2 
E fl £ £ £ £ £ S = a s i s £ a " r 

450 455 

£ E B £ E £ £ E E £ E £ £ E E £ 

465 

« ^ a ^ i- r t ttt acc atg ccc cag att cag gat 

E £ E £ £ E £ £ S. s «el P~ 1. U. O. «P 

485 

cag aca cct agt cct tec gat gga age act aga caa agt tea cct gag 1536 



864 
912 
960 
1008 
1056 
1104 
1152 
1200 
1248 
1296 
1344 
1392 
1440 
1488 
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n« ser Thr Arg Gin Ser Ser Pro Glu 
Gin Thr Pro Ser Pro Ser Asp Gly Ser y ^ 

500 5,03 

4. * v/ti- <-t-t tat qtg gat agt gat atg gtc 
cct aat agt ccc agt gaa tat tgt ttt tat gtg g^ ^ ^ ^ 
Pro Asn Ser Pro Ser Glu Tyr Cys Phe iyr f ^ 

515 520 

aat gaa ttc aag ttg gaa ttg gtj g; £ £ £ flu Asp S 
Asn Glu Phe Lys Leu Glu Leu Val Glu Lys u ^ 
530 535 

*«■ i-rt act cag gac aca gat tta gac ttg gag 

gaa gca aag aac cca ttt tct act cag g Leu Qlu 

Glu Ala Lys Asn Pro Phe Ser Thr Gin Asp Tnr *sp * ^ 
545 ^5^ 

565 

ttc gat cag ttg tea cca tta gaa ago agt tec gca age cct gaa age 
Phe Asp Gin Leu Ser Pro Leu Glu Ser Ser »er *u 
580 585 

a s £ e £ a « i « 2 a a a a s s 

595 600 

e £ £ £ £ s s £ s £ s i £ £ s £ 

610 615 
aaa » m « a- «» * at ? g. J" »« aaa ata tt, •« J=. 

lys Thr Val Thr Lys asp arg Met Glu asp lie ny» 6J0 

625 

a s a a a s a £ £ a £ a a ss s 

645 550 
tea cca tat aga gat act caa agt egg aca gee tea cca aac aga gc. 
Ser Pro Tyr Arg Asp Thr Gin Ser Arg Thr Ala Ser Fro 
660 663 

ffi £ 15 !S S E 2 S E £ £ 2 1 5 £ - 

675 680 

£ S £ £ «S £ 2 £ S S £ £ £ £ S! E 

690 695 

£ £ E E 5 S £ £ 22 = £ S = S » I 

705 710 

S S E £ £ £ £ £ £ I £ e « £ | £ 
£ £ s a £ s £ £ £ £ £ £ a £ = - 

740 745 



1584 



1632 



1680 



1728 



1776 



1824 



1872 



1920 



1968 



2016 



2064 



2112 



2160 



2208 



2256 
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aaa cgt gta aaa g f *e aaa tot j£ gaa cag aat g. atg g, « 

Lys Arg Val Lys Gly Cys Lys Ser Ser lH 
755 7bU 

rrat- tta aca tgt aga ctg ctg ggg 
aag aca att att tta ata ccc tct gat tta gca t^ ^ ^ ^ Qly 
Lys Thr He He Leu He Pro Ser Asp ne ^ 

770 7/3 
caa tea at, oat gaa agt g f "a oca =»g ctg a=c jjt tat gat tot 
Gin Ser Bet Asp Glu Ser Gly Leu Pro Gin Leo 8M 
785 790 

g a. gtt aat get cot ata =.a ggc £ aaa aac eta ctg -J | fy gj 

Glu Val Asn Ala Pro He Gin Gly Ser Arg ^ fll5 
805 810 

gaa tta etc aga get ttg gat caa gtt aac tga 
Glu Leu Leu Arg Ala Leu Asp Gin Val Asn 



2304 

2352 

2400 

2448 

2481 



<210> 4 

<211> 826 

<212> PRT 

<213> Homo sapiens 



<400> 4 

„et Glu Gly Ala Gly Gly Ala Aen Asp Lya Lys Lys Ue S.r Sex Gin 

1 5 



Mg Arg Lya Glu Lya Ser Arg Aap Ala Ala Ar, Ser Arc Arg Ser Lya 

20 " 

Glu Ser Glu val me Tyr Glu Leu Al, His Gin Leu Pro Leu Pro »ia 
35 40 

to Val Ser Ser His Leu Asp Lys Ala Ser Val Met Arg Leu Thr He 



55 60 
50 55 



Ser Tyx Leu Arg Val Arg Lys Leu Leu Asp Ala Gly Asp Leu Asp He 
65 70 

Glu Asp Asp Met Lys Ala Gin Met Asn Cys Phe Tyr Leu Lys Ala Leu 

85 

ASP Gly Phe Val Met Val Leu Thr Asp Asp Gly Asp Met He Tyr lie 

100 lu:3 

» *r i Tvs Tvr Met Gly Leu Thr Gin Phe Glu Leu Thr 
Ser Asp Asn Val Asn Lys Tyr nex. * y 

115 " u 
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Gly Bis Ser V,! Phe Asp Phe Thr to *• * ft «" S1 ° °« "*< 

130 * M 

wg «, Mer Leu Thr Hi, «, Asn Gly Leu Val Ly, Lys Sly Lys «» 

145 150 

Gin Asn Thr Gin Ar g - ™ Phe Leu Arc H.t Lys C„ Thr Leu Thr 

165 

Ser arc 01, Aro Thr Met Asn U- Ly, Ser Ala Thr Trp Lys « Leu 

180 lua 

„ n n - Tie nii Val Tvr Asp Thr Asn Ser Asn Gin Pro 
His Cys Thr Gly His He His Val lyr v 2Q5 

195 200 

Gin cys Gly Tyr Lys Ly. Pro Pro „e t Thr 0,s Leu val Leu lie Cys 

210 2 " 

T1fl rln no Pro Leu Asp Ser Lys 
Glu Pro He Pro His Pro Ser Asn He Glu He Pro ^ 

225 230 

„ Phe Leu ser Aro Hi, Ser Leu Asp «« Lys Phe Ser Tyr Cys A,p 

245 " u 

O, Arc lie Thr Glu Leu Het <Oy Tyr Glu Pro Glu Glu Leu Leu Gly 

260 zn 

Mg ser Ue Tyr Glu Tyr Tyr His Ma Leu asp Ser A,P Hi, Leu Thr 

275 280 

Lys Thr His Bis asp aet Phe Thr Ly, Sly O. -1 Thr Thr Gly Gin 

290 295 

rl „ Tvr val Trp Val Glu Thr Gin 
Tyr Arg Met Leu Ala Lys Arg Gly Gly Tyr Val xrp ^ 

305 310 

Me Thr val Ue Tyr A,n Thr Ly, Ash s« Gin Pro Gin Cys Ue Val 

Cy, val A.n Tyr Val Val Ser Gly Ue He Gin Hi, Asp Leu He Phe 

• 340 3 " 

T r-m fin Thr Glu Cys Val Leu Lys Pro Val Glu Ser Ser Asp 
Ser Leu Gin Gin mr w-u w 365 

355 36U 

Met Lys Met Thr Gin Leu Phe Thr Lys Val Glu Sjr Glu Asp Thr Ser 

370 J/D 
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Ser Leu Phe Lys Leu Ly. Lys Glu Pro £ ^ - ™ «~ £ 

385 390 

U , Pro Ale Ma Gly Asp Thr lie He ser Leu Asp P»« Gly Ser »- 

405 



„ fc n . T hr „ »p «. «■ s si » Gi - vai ^ ss Iyr to 

420 



Mp Val Met Leu Pro Ser Pro Asn Glu Lys I- «» - «~ 

435 440 

mt sl , rin Thr Pro Lys Pro Leu Arg Ser 
Ala Met Ser Pro Leu Pro Thr Ala Glu Thr Pro iy 

450 455 

Ser Ala Asp Pro Ala Leu Asn Gin Glu Val Ala Leu Lys Leu Glu Pro 
465 470 

oh* Thr Met Pro Gin He Gin Asp 
Asn Pro Glu Ser Leu Glu Leu Ser Phe Thr Met ^ 

485 

rltr qot* Thr Ara Gin Ser Ser Pro Glu 
Gin Thr Pro Ser Pro Sex Asp Gly Ser Thr Arg <, ^ 

500 ^ 

Pro Asn Ser Pro Ser Glu Tyr Cys Phe Tyr val Asp Ser Asp « Val 

515 520 

^ G1 u Phe Lys Leu Glu Leu val Glu Lys Leu Phe Al, Glu Asp Thr 

530 535 

Glu Ala Lys Asn Pro Phe Ser Thr Gin Asp Thr Asp Leu Asp Leu Glu 



545 



550 



T . ^ MP 4- AsD asp Asp Phe Gin Leu Arg Ser 
Met Leu Ala Pro Tyr .He Pro Met Asp *sp &75 

565 3/u 

Phe Asp Gin Leu Ser Pro Leu Glu Ser Ser Ser Ala Ser Pro Glu Ser 

580 b - 



U a Ser Pro Gin Ser Thr Val Thr V.1 Phe Gin Gin Thr Gin lie Gin 

595 600 

Glu Pro Thr Ala Asn Ala Thr Thr Thr Thr Ala Thr Thr Asp Glu Leu 
610 61S 

Lys Thr Val Thr Lys Asp Arg Met Glu Asp lie Lys He Leu He Ala 



625 630 
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Ser Pro Ser Pro Thr His He His Lys Glu Thr Thr Ser Ala Thr Ser 
645 650 

Ser Pro Tyr Arg Asp Thr Gin Ser Arg Thr Ala Ser Pro Asn Arg Ala 
660 665 b 

Gly Lys Gly Val He Glu Gin Thr Glu Lys Ser His Pro Arg Ser Pro 
Asn Val Leu Ser Val Ala Leu Ser Gin Arg Thr Thr Val Pro Glu Glu 



690 



695 ™0 



Glu Leu Asn Pro Lys lie Leu. Ala Leu Gin Asn Ala Gin Arg Lys Arg 
705 "710 715 

Lys Met Glu His Asp Gly Ser Leu Phe Gin Ala Val Gly lie Gly Thr 
725 730 

Leu Leu Gin Gin Pro Asp Asp His Ala Ala Thr Thr Ser Leu Ser Trp 
740 745 

Lys Arg Val Lys Gly Cys Lys Ser Ser Glu Gin Asn Gly Met Glu Gin 



755 



760 



Lys Thr He He Leu He Pro Ser Asp Leu Ala Cys Arg Leu Leu Gly 
^ 770 77 5 780 



Gin Ser Met Asp Glu Ser Gly Leu Pro Gin Leu Thr Ser Tyr Asp Cys 
785 



790 7 ^ 800 



Glu Val Asn Ala Pro He Gin Gly Ser Arg Asn Leu Leu Gin Gly Glu 
805 810 



Glu Leu Leu Arg Ala Leu Asp Gin Val Asn 
820 825 



<210> 5 

<211> 54 

<212> PRT 

<213> Homo sapiens 



<400> 5 

Lys Leu Glu Leu Val Glu Lys Leu Phe Ala Glu Asp Thr Glu Ala Lys 
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«. Se r Ih r G!„ «P - -P » »• «" G1 " 5T ^ ^ 

Gin Leu Arg Ser Phe Asp Gin 



Asn Pro Phe Ser Tnr ^ — -• 
20 " 



Tyr lie Pro Met Asp Asp Asp Phe Gin -u «„ ~ 



Pro lyt j-j-^ - ao 

35 

lieu Ser Pro Leu Glu Ser 
50 

<210> 6 
<211> 49 
<212> DNA 
<213> Artificial 



<220> . • 

• of Artificial Sequence: Oligonucleotides contaxnxng 

<223 > Descr.pt.on j£ gtx^^ site 



Hindlll and Bst98I 
6 

agcttttttc 



Sttttc tcagaatgaa gtgtacccta actagcatat ggactagtc 



<210> 1 

<211> 49 

<212> DNA 

<213> Artificial 



<220> 

<223 > oescription of Artificial Seance: Oligonucleotides cental 
Hindlll and Bst98I restriction sxte 

SaagacLg tecatatget agttagggta cacttcattc tgagaaaaa 
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